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Many considerations combine to make the embryology of 
Salix an inviting subject. Taxonomists at present place it so 
near the most primitive dicotyls that it becomes interesting from 
a phylogenetic standpoint. Treub’s researches upon Casuarina 
(22) have yielded some remarkable results. He finds that it 
has a great number of macrospores, but no synergids and no 
antipodals; that there is no primary endosperm nucleus formed 
by the fusion of polar nuclei, but an endosperm formed before 
fertilization; that cell walls are formed about the oosphere and 
its accompanying cells before fertilization; and finally that the 
pollen tube enters by way of the chalaza instead of the micro- 
pyle. Treub considered these results so significant that he pro- 
posed a primary division of angiosperms into chalazogams and 
porogams, Casuarina being the sole representative of the former. 
The researches of Nawaschin (25) and Miss Benson (26) have 
disproved the taxonomic value of chalazogamy, but the unique 
structures of the Casuarina embryo sac have not been discoverea 
as yet in any other plant. 

With such discoveries among the lower dicotyls, Salix might 

‘Contributions from the Hull Botanical Laboratory. [1I.—The previous Con- 
tributions are, I. ‘“‘ The embryo sac of Aster Nove-Angliz,” by Chas. J. Chamberlain, 
Bot. GAZETTE 20:205-212. fl. 75, 76. 1895; II. ‘ Notes on the fertilization and 
embryogeny of Conifers,” by John M. Coulter, Bor. GAZETTE 23 : 40-43. A/. 6. 1897. 
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be expected to prove instructive. The perplexing variation in 
species, the well known propensity to hybridize, and the fre- 
quency of sports increase the probability of interesting results. 
Finally, Chicago and its environs afford an abundance of 
material representing three-fourths of the species credited to 
the United States. 

At first it was my purpose to examine Salix only with refer- 
erence to chalazogamy and the structures of the embryo sac, but 
as the subject developed it was thought best to extend the scope 
of the work. The subjects discussed are (1) material and meth- 
ods, (2) organogeny of the flower, (3) development of the 
microspores, (4) origin of the macrospore, (5) germination of 
the macrospore, (6) pollen tubes and fertilization, (7) develop- 
ment of the embryo, (8) teratology, (9) Salix and other Amen- 
tiferze, (10) summary. 

Complete series from the formation of the archesporium to 
the mature embryo were studied in S. petiolaris and S. glaucophylla. 
Series lacking but few stages were studied in S. ¢rzstzs, S. discolor 
and S. cordata. Less complete series were studied in twelve 
other species. 

The investigations were conducted under the guidance of 
Professor John M. Coulter, whose valuable suggestions and kindly 
encouragement are acknowledged with gratitude. 


MATERIAL AND METHODS. 

The greater part of my material was collected at Grand 
Crossing, Illinois, but many gatherings were made from the 
higher ground north of Chicago, and from the sand dune region 
of northern Indiana. The collecting began February 14, 1895, 
and gatherings were made at intervals of two or three days until 
the latter partof May. A few collections of buds were made in 
the autumn and winter. This furnished nearly complete series 
in S. glaucophylla, S. cordata, and S. tristis, with many other species 
represented by several stages. During the following spring gaps 
in the series were filled, a good series of S. petiolaris was col- 


lected, and many monstrous forms were found. ‘In August and 
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December collections were made to determine the histological 
character of the winter buds. 

At first I per cent. chromic acid was used for killing and 
fixing, but experience proved that better results could be obtained 
by adding a little acetic acid to counteract the tendency to 
shrink. The material was left in the fixing agent 12 to 24 hours, 
then washed in water for 24 to 36 hours, and after passing through 
successive grades of alcohol was left in 70 per cent. alcohol until 
needed for use. Flemming’s fluid proved excellent, and the same 
must be said of Merkel’s and Hermann’s, but these are rather 
expensive. Picric acid with a trace of acetic is also to be recom- 
mended. To insure rapid fixing the tops of many of the pistils 
were cut off down tothe level of the ovules. 

Xylol proved the best clearing agent. The transfer from 
absolute alcohol to xylol was made gradually by adding small 
quantities of xylol to the alcohol until the mixture contained 
about three parts of xylol. The mixture was then poured off, 
and pure xylol was substituted. As soon as the material was 
cleared, a lump of paraffin was added, and thus the transfer 
from xylol to paraffin was made gradual. One to three hours 
in the bath is sufficient after such treatment. 





Serial sections were cut with a Thoma microtome. Mayer’s 
albumen fixative in connection with the water method was used 
for fixing the sections to the slide. Cyanin and erythrosin was 
the best combination for embryo sacs. Delafield’s haematoxylin 
was good for embryos and the early stages of anthers. Safranin 
and gentian violet, cleared in clove oil, seems to be the best com- 
bination for the pollen grain. 

The celloidin method was tested, but did not give as good 
results as paraffin, and besides was unnecessarily tedious. 

All drawings were made with an Abbé camera lucida. A 5 
Bausch and Lomb immersion was used for all the drawings except 


those of p/. XV/// and fig. 66a. 





ORGANOGENY OF THE FLOWER. 
No attempt was made to secure a perfect series of stages in 


the development of the floral organs. Several species were col- 
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lected in August to determine the condition of the buds. In 
some of these the carpels appeared as slight protuberances; 
others were more advanced and showed the carpels outlined but 
with no trace of ovules. In October buds of S. cordata and S. glau- 
cophylla the nucellus of the ovule was quite conspicuous, but the 
integument had not begun to form. As a rule, the integument 
does not form until spring. Early February buds from a small 
plant of S. cordata showed carpels but no trace of ovules. Material 
from the same plant taken three weeks later showed a conspicu- 
ous integument. Staminate buds, collected in October, showed 
the stamens fairly outlined. The gland, or nectary, is frequently 
conspicuous in the winter buds. 

A diligent search was made for rudiments of floral organs 
which might be expected to be found were the flowers of Salix 
reduced rather than primitive, but an examination of early stages 
in several species failed to show the least trace of anything 
which could be interpreted as a petal or sepal, or as indicating 
an earlier ambisporangiate condition. The prominent nectar 
gland has a single terminal pore. There is nothing in its his- 
tory which would allow it to be regarded as a reduced or trans- 
formed floral organ. 


DEVELOPMENT OF THE MICROSPORES. 


Staminate buds of S. glaucophylla, collected early in October, 
showed the condition represented in fig. z. There are here three 
layers of cells between the epidermis and the sporegenous cells. 
The three layers appear alike, the endothecium and tapetum hav- 
ing no distinguishing characters. In some cases there were four 
lavers instead of three. Another specimen of S. glaucophylla, 
collected at the same time, had the tapetum somewhat differ- 
entiated. That buds pass the winter in about this state is 
proved by the fact that buds of the same species collected in mid- 
winter showed the same condition. Material of S. “ists, collected 
late in March, showed the tapetum well differentiated, but the 
endothecium still appearing like the middle layers (fig. 2). 
The number of middle layers may vary from one to four, even 
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in the same anther. In S. glaucophylla and S. tristis the number 
of these intervening layers is usually two. Some anthers of S. 
cordata with the pollen grains nearly mature showed no layer at 
all between the endothecium and the tapetum (fig. 8). The 
cells of the mature tapetum often have two nuclei. The 
strengthening of the endothecium does not commence until the 
tapetum has begun to disorganize. All of the layers between 
the endothecium and the spores disintegrate, and the spores 
float in a granular fluid ( fig. 9). 

The sporogenous cells, as shown in figs. 7 and 2,are the mother 
cells of the microspores. This is proved by the fact that the num- 
ber of sporogenous cells in a transverse section of an autumn or 
winter microsporangium is approximately the same as the number 
found in spring microsporangia whose sporogenous cells are 
beginning to show by their spherical form that they are undoubted 
mother cells. The large size of the nuclei also favors this 
interpretation. An examination of several species indicates that 
most staminate buds pass the winter in the spore mother cell 
stage. In buds of S. ézstis, collected late in March, the spore 
mother cells had not yet assumed the spherical form. S. cordata 
and S. glaucophylla, collected at the same time, had already 
passed the tetrad stage. 

The nucleus of the microspore divides some time before the 
spores are shed. The division of the nucleus is not followed 
by the formation of a cell wall. 
In Populus monilifera, represent- 
ing the other genus of the 
Salicacee, a wall is formed 
separating a smaller lenticular 
cell from the larger one. In 
Salix the generative nucleus 





soon organizes a part of the eS: 
surrounding cytoplasm and © Pollen grains of Populus monilifera: 
becomes a fusiform cell. Since @ 22d / before division of the nucleus; 
4, c, d, lenticular cell cut off from the rest 


‘ of the spore; e, division of the nucleus of 
showed no further differentia- the larger cell. ¥ 672. 


spores already upon the stigmas 
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tion, the division of the generative cell, which presumably takes 
place, although I was not so fortunate as to observe it, must 
occur after the pollen tube begins to form. 


ORIGIN OF THE MACROSPORE. 


The macrospore invariably has its origin in a hypodermal 
cell at or near the apex of the nucellus (fig. 70). Sometimes 
there are two or three hypodermal cells which by their size and 
intense staining indicate their sporogenous nature (fig. zz). A 
few cases were found in which two macrospores had developed 
to the fertilization stage, so it is evident that more than one of 
the sporogenous cells may continue its development. The 
usual appearance of an ovule before the differentiation of the 
archesporium is shown in fig. 72. In the nucellus six hypoder- 
mal cells, three of which are represented in the drawing, might 
be called archesporial cells, but I have not applied this term to 
a cell until it shows by its denser contents and reaction to stains 
that it has the characteristics of an archesporial cell. 

The archesporial cell divides into a primary tapetal cell and 
a sporogenous cell which is the mother cell? of the macrospore 
(fig. 13). The primary tapetal cell sometimes gives rise to a tier 
of five or six cells, resulting in a deep placing of the macrospore. 
Usually there is a tier of two or three cells; but occasionally 
the primary tapetal cell does not divide (figs. 74-19). All of 
these variations were found in Sex glaucophylla, and an exami- 
nation of several other species indicated a similar lack of uni- 
formity. 

The further development of the macrospore mother cell 
presents more important variations. Almost always it divides 

? To avoid confusion this primary sporogenous cell will be called the macrospore 
mother cell. It is the cell in which the reduction of chromosomes takes place. If no 
tapetal cell is cut off, as in Lilium, Tulipa, and Fritillaria, the hypodermal arche- 
sporial cell becomes the macrospore mother cell without further division. If the 
macrospore mother cell divides into four, as in Polygonum, each of these is called a 
potential macrospore. \f the macrospore mother cell gives rise to three cells or only 


two, each of these is a potential macrospore. In all cases the potential macrospore 
which matures is called a fertile macrospore. 
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into two cells, a smaller one nearer the micropyle, and the larger 
one which becomes the fertile macrospore. The smaller cell 
either undergoes one transverse division, thus giving rise to two 
potential macrospores,-or it does not divide at all ( figs. 7g and 
17). Ina case like fig. 77 there is a possibility that the two 
smaller cells may have been cut off in succession from the larger 





cell, but as no mitotic figures were found in this stage this 
question could not be settled. 

Sometimes the macrospore mother cell does not divide but 
develops directly into the macrospore ( fig. 23). If any potential 
macrospores have been cut off, they are crowded and absorbed 
by the growing fertile macrospore until nothing remains of them 
but a refractive cap, and even this soon disappears. These varia- 
tions are noteworthy. In Gamopetale it is said (21) to be the 
rule that the macrospore mother cell becomes the macrospore 
directly; in monocotyls and in the Archichlamydee among 
dicotyls the macrospore mother cell gives rise to four potential 
macrospores, one of which becomes the fertile macrospore. In 
some plants there are three potential macrospores; in others 
there are two; in still others the macrospore mother cell 
becomes the fertile macrospore without any division. Standard 
texts, as well as the original papers from which their informa- 
tion is obtained, leave the impression that for a given species 
there is little or no variation in the mode of origin of the macro- 
spore, and I must confess that as far as the number of poten- 
tial macrospores is concerned, I have noted the same uniformity 
in my study of Composite. But serial sections of about three 
hundred ovules of S. glaucophylla showed all of the above men- 
tioned variations. .S. discolor and other species indicated a simi- 
lar variation. It is possible that generalizations have been based 
sometimes upon a few sections, and even these taken from the 





same plant. Such results are likely to be very uncertain, since 
individual plants often present variations from year to year. 
Not a single instance was found in which the fertile macro- 
spore developed from the potential macrospore nearer the 
micropyle, as sometimes happens in Aster (28). The only sug- 
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gestion of such an occurrence is shown in fig. 27, and even here 
the usual cell has two nuclei. This preparation looks as if two 
potential macrospores might be developing one above the other. 


GERMINATION OF THE MACROSPORE. 


A typical nucellus just before the division of the primary 
nucleus of the fertile macrospore is represented in fig. 74. 
There is a tier of three tapetal cells and one potential macro- 
spore, the latter already somewhat crowded by the growing fer- 
tile macrospore. The nucleus of the fertile macrospore is 
accompanied by the structures known as centrosomes. No 
attempt was made to investigate these bodies, but they were 
noticed in two other preparations. In fig. 77, which shows a 
portion of a nucellus, there is a tier of four tapetal cells and two 
potential macrospores. The first division of the primary nucleus 
of the fertile macrospore was observed in about forty cases. 
The most frequent appearance is that shown in fig. 79, which 
has a central strand of protoplasm traversing a vacuole and con- 
necting the daughter nuclei. The vacuole may be absent, as 
in fig. 18. The spindle in the first division of the primary 
nucleus is parallel with the long axis of the macrospore, the 
only exception observed being that shown in fig. 27. In the 
second division several mitotic figures were found. The spindles 
at the micropylar end were always transverse to the long axis 
of the macrospore, while those of the antipodal end were 
always longitudinal. /zg. 20 might fairly represent all the cases 
examined. In fg. 76 the nuclei have a slightly different posi- 
tion, but it must be remembered that the nuclei in a germinat- 
ing macrospore gradually change their position. A peculiar four- 
celled stage is shown in fig. 22, where the position of the nuclei 
and the size of the nucleus at the micropylar end would seem 
to indicate that after the first division the micropylar nucleus 
had failed to divide, while the nucleus at the antipodal end had 
divided and one of the resulting nuclei had divided again. The 
next division, giving four nuclei at each end of the sac, was 
observed in only two instances, neither of which was very satis- 
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factory. One of these (fig. 23) indicates that the longitudinal 
arrangement of spindles in the antipodal end and the transverse 
arrangement in the micropylar is continued in this stage. A 
portion of the contents, probably a micropylar spindle, has been 
washed out from this section, for the clear space between the 
mitotic figures is not a vacuole. It is common enough to find 
the eight-celled stage just as the two polar nuclei are fusing to 
form the primary endosperm nucleus. It would seem that after 
the second division the development proceeds rapidly, otherwise 
in examining a large number of sections from material repre- 
senting stages from the first division of the primary nucleus to 
the eight-celled stage one should find the eight-celled stage as 
frequently as any other. As a matter of fact, the uninucleate 
condition is found most frequently ; macrospores with two nuclei 
are not so frequent; those with four nuclei are comparatively 
rare; and those with eight nuclei are very exceptional. These 
observations show that the macrospore remains for some 
time in the uninucleate condition, a fact further indicated by 
the differences in the degree of maturity of ovules containing 
such macrospores. The increasing infrequency of the succeed- 
ing stages indicates that after germination has begun, develop- 
ment proceeds with increasing rapidity until the gametophyte 
has reached its fertilization period. 

The macrospore may reach the eight-celled stage without 
increasing very much in size, or during the divisions which result 
in the four-celled and eight-celled stages there may be consider- 
able enlargement at the expense of surrounding cells (compare 
jig. 16 with fig. 24). After the eight-celled stage is reached, 
the macrospore increases greatly in size, as may be seen by com- 
paring the figures of p/. X/// with those of p/. X/I’, all of which 
are drawn to the same scale. This macrospore was a puzzle 
to me for. more than a year. I had not yet found the third 
division resulting in the eight-celled stage, but the egg appara- 
tus and primary endosperm nucleus seemed to demand such a 
stage. I could find no antipodals, and Treub’s Casuarina (22) 
without antipodals added to the perplexity. An effort to con- 








156 BOTANICAL GAZETTE | MARCH 
nect such stages as fig. 76 and fig. 28, so as to account fora 
macrospore without antipodals, was unsatisfactory on account 
of the numerous instances in which nuclei were fusing to form 
the primary endosperm nucleus. <A prolonged search revealed 
the missing antipodal cells (figs. 26, 27). A careful exami- 
nation of about five hundred macrospores yielded six with 
indisputable antipodals and, since they are known to exist, other 
preparations show what may be reasonably interpreted as their 
disorganized remains. ‘The antipodals are small, three in num- 
ber, and are situated at the extreme chalazal end of the macro- 
spore. In fig. 37 the three cells marked a may be antipodals, 
for there does not appear to be any trace of a pollen tube or 
other evidence of fertilization, and the nucleus marked e¢ looks 
like the primary endosperm nucleus rather than an endosperm 
nucleus resulting from its division. A somewhat similar condi- 
tion is shown in fig. 33, but in this case there is a pollen tube 
already within the macrospore. If in either or both of these 
cases the cells marked a are cells of the endosperm, the primary 
endosperm nucleus has divided very early, and the appearance 
of the cells is unusual. It may be possible that the group of 
three cells has arisen from the division of the lower polar 
nucleus without any fusion with the upper one having taken 
place. If the nuclei belong to the endosperm, these two cases 
are the only ones observed in which there were more than two 
nuclei in the endosperm before the first division of the oospore. 

In the the fusion of the polar nuclei to form the primary 
endosperm nucleus, details were not worked out, as Salix is not 
a favorable form. It may be noted merely that the fusion seems 
to be complete, even the nucleoli fusing to form one large 
nucleolus. A dense strand of protoplasm usually extends from 
the primary endosperm nucleus to the oosphere. 

A few of the cells surrounding the chalazal end of the sac 
are very erythrophilous, probably through the influence of the 
antipodal cells. 

It is very common to find the whole egg apparatus bursting 
through the apex of the nucellus into the micropyle. The 
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pointed ends of the synergids and sometimes the entire egg 
apparatus are thrust through the wall of the macrospore (jigs. 
28, 30, 39, and others). 

The oosphere is sometimes spherical, but more frequently 
elongated and tapering slightly toward the micropylar end, 
which almost invariably contains a large vacuole. The nucleus 
is at the opposite end in a dense mass of protoplasm. In rare 
cases the oosphere is scarcely organized into a definite shape 
(fig. 25). 

The synergids have their nuclei, which sometimes divide 
(fig. 27), and most of their protoplasm in the micropylar half, 
while the other half of the cell is almost entirely occupied by a 
large vacuole. The tips of the synergids frequently become 
covered by a strong wall which persists long after all other 
traces of the synergids have disappeared. These caps display 
considerable variation. There may be only a faint trace of striz 
(fig. 30), or the striae may be more prominent (fig. 27). Fre- 
quently the caps are so strongly developed that they give the 
synergids a decidedly beaked appearance (figs. 28, 29, 36 and 
39), the beaks being cyanophilous, thus contrasting sharply with 
the prevailing erythrophilous structures of the macrospore. 

Schacht (2) described such caps or “filiform apparatus” in 
Santalum album, but misinterpreted their relation to the syner- 
gids. Strasburger (18) some time afterward examined Santalum 
and mistook the cap for the entire synergid and the lower part 
of the synergid for an oosphere, thus getting a macrospore with 
two oospheres. He afterwards discovered his mistake and gave 
an excellent description of Santalum. Strasburger says that the 
caps contain minute pores through which there oozes an albumi- 
noid substance which may attract the pollen tube. My prepara- 
tions (figs. 36 and 39) support this view. In every instance in 
which beaks and pollen tubes were found, the poilen tube entered 
between the beaks. The beaks undoubtedly serve to enlarge 
the micropyle, thus facilitating the entrance of the tube. Asa 
rule, the farther the egg apparatus is thrust beyond the nucellus 
the more strongly are the beaks developed. The function of 
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the beaks is probably to place the oosphere in a more favorable 
position and to attract and guide the pollen tube. 

In the relative size of the nuclei and nucleoli of the primary 
endosperm nucleus, oosphere nucleus, and nuclei of the syner- 
gids the same uniformity was observed which characterized 
these structures in Aster. Over two hundred measurements in 
Salix glaucophylla gave the following results. The average 
length of the primary endosperm nucleus is 11.2 p», and its 
breadth 10 »; the diameter of the nucleolus being 5.7". The 
oosphere nucleus is 8.8 » long and 7.8 » wide; and the diameter 
of its nucleolus 4m. The nuclei of the synergids are usually 
spherical, with an average diameter of 6.3 #; and the diameter of 
their nucleoli 2.34. All measurements were made from speci- 
mens which were ready for fertilization but had not yet been 
pollinated. The primary endosperm nucleus is always the lar- 
gest, the oosphere nucleus next in size, and the synergid nuclei 
the smallest. The nucleoli have the same relative size. Meas- 
urements in other species gave the same relative results. 


POLLEN TUBES AND FERTILIZATION. 


In 1891 Treub (22) made the discovery that in Casuarina 
the pollen tube enters by way of the chalaza instead of the 
micropyle. In 1893 Betula was found to be chalazogamic, the 
discovery being made independently and almost simultaneously 
by Miss Benson (26) in England and Nawaschin (25) in Russia. 
Miss Benson at the same time added Alnus, Corylus, and Car- 
pinus to the list, and Nawaschin soon added Juglans. 

In consequence of these discoveries the pollen tubes of 
Salix were traced with considerable interest. In S. glaucophylla, 
S. cordata, S. petiolaris, and S. ¢tristis, many pollen tubes were 
found, entering invariably by way of the micropyle. The chal- 
azal region was examined critically in over three hundred ovules, 
but no trace of a pollen tube was found. The generative cell 
within the tube was observed but twice, and then under abnormal 
conditions (fig. 38). In a few cases the male cell was observed 


within the oosphere. The nearest approach to conjugation which 
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my preparations afforded is shownin fig. go. As the pollen tube 
enters the sac the synergids usually break down, and even their 
nuclei disappear. A sacimmediately after fertilization is shown 
in fig. 32, in which the oospore is much enlarged and is forming 
a cellulose wall, and only a nearly disintegrated nucleus and a 
mass of protoplasm mark the remains of the synergids. The 
primary endosperm nucleus has not yet divided. A typical case 
is shown in fig. 36, which represents the pollen tube entering 
between the beaks of the synergids. The fusion of sex cells has 
probably not taken place, for no membrane has yet formed around 
the oosphere. The primary endosperm nucleus has increased 
greatly in size, but has not divided. The enlargement of the 
endosperm nucleus before fertilization is also shown in fig. 34. 
A somewhat later stage is given in fg. 39. The pollen tube can 
be seen still between the beaks of the synergids. The oospore 
has its cellulose wall, but the primary endosperm nucleus, 
although greatly enlarged as usual, has not yet divided, this 
enlargement beginning before the pollen tube reaches the beaks 
of the synergids. 

A very peculiar case is represented in fig. 38, in which the 
embryo is quite advanced, but both synergids still persist. These 
synergids are plump and have definite cell walls, but have no 
vacuoles, and their nuclei are at the lower end instead of the 
upper where they are usually situated. The pollen tube, of 
course, is not the one which assisted in fertilization. A similar 
condition is shown in fig. 35, but here the synergids have no 
walls, and the pollen tube has collapsed. These cases indicate 
that fertilization may take place without the assistance of the 
synergids. Another singular case is furnished by fg. 37, in 
which the embryo is quite advanced, but the primary endosperm 
nucleus, although it has grown very large, has not yet divided. 

As a rule, the division of the primary endosperm nucleus 
precedes the division of the oospore, and for a short time the 
nuclei of the endosperm multiply more rapidly than the cells of 
the embryo. A two-celled embryo is usually correlated with 
four nuclei in the endosperm, a four-celled embryo with eight or 
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ten cells in the endosperm, but the endosperm does not continue 
to keep pace, and very soon the cells of the embryo outnumber 
the nuclei of the endosperm. The nuclei of the endosperm in 
Salix are never separated by cell walls. 


DEVELOPMENT OF THE EMBRYO. 


The first division of the oospore is always transverse to the 
longer axis of the embryo sac (figs. 7, 42). Occasionally this 
division separates the oospore into approximately equal parts, but 
it is more usual to find the suspensor cell larger and somewhat 
tapering, while its sister cell, which gives rise to the greater part 
of the embryo, is uniformly hemispherical. The suspensor cell 
divides transversely, and the daughter nuclei pass into the resting 
stage with full sized nucleoli before the embryo cell divides (/fig.43). 
The first division of the embryo cell is always longitudinal 
(figs. 44-46). The literature of the subject indicates that this 
division is almost universal in angiosperms, if we except those 
which have no suspensor and those in which the suspensor, 
though present, contributes nothing totheembryo. For instance, 
in Capsella after the first division of the oospore, the cell nearer 
the micropyle undergoes several divisions, forming the long 
suspensor, while its sister cell remains passive until the first 
longitudinal division occurs. This seems to be mere assumption, 
but it is quite probable that in dicotyls the terminal cell in which 
the first longitudinal division appears gives rise to the greater 
part of the embryo. Vines in his Zext-Book has unfortunately 
figured the first division of the embryo cell in the type Capsella 
as transverse. The figures are diagrammatic ‘after Goebel and 
Hanstein” but Hanstein (3) figures the first division as vertical, 
and Goebel has followed him. Vines’ text, however, without any 
particular reference to Capsella, states that the first division is 
usually longitudinal. Some of Hanstein’s figures, like his figs. 9 
and rz, which show a complete differentiation of the dermatogen 
before the first vertical division, certainly need to be verified, 
especially since the drawings were made from embryos squeezed 
out from the ovule and rendered transparent, a process which 
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might cause one to lose acell wall now andthen. I have exam- 
ined over twenty cases of the first division of the embryo in 
Capsella, and classes in the laboratory have thoroughly examined 
this and other early divisions in the same type, but have found 
no exception to the rule that the first division is longitudinal. 
Hanstein does figure the first division as transverse in Nicotiana 
and Viola altaica, but the figures are not convincing because the 
three nuclei in the large upper cell of his figs. 7 and 9g of fl. 5 
make it possible to apply the usual interpretation. 

In Salix, as a rule, the second division is also longitudinal and 
at right angles to the first, but it occasionally happens that the 
second division is transverse ( figs. 48, 51). Both cases may be 
found in the same species, and in S. cordata and S. petiolaris | have 
found both on a single plant. In studying sections of embryos 
in these early stages, it is very easy to make mistakes. The 
young walls are often elusive, even in good preparations, and it 
is safest to make the sections thick enough to include the whole 
embryo. The nuclei will then enable one to interpret with cer- 
tainty such stages as figs. 48, 49, 53. 

The third division, usually transverse, but sometimes longi 
tudinal, brings the embryo into the familiar octant stage (figs 
53,54). The first transverse division separates the hypocoty] 
and cotyledon portions of the embryo. 

After the octant stage one naturally looks for the periclines 
which mark off the dermatogen, and usually they are found, but 
the embryo sometimes proceeds a little further before this differ- 
entiation takes place. Sometimes a pericline cuts off the der- 
matogen in one octant, while a neighboring octant makes one or 
more divisions before the pericline appears (figs. 56, 59). In 
Capsella the first pericline usually appears in the upper octants ; 
in Salix I can find no regularity, the first pericline appearing in 
one octant:as frequently as in another. The entire dermatogen, 
exclusive of the suspensor contribution, may be cut off while the 
whole embryo consists of only sixteen cells. Very rarely, a part 
of the dermatogen is cut off while the embryo is still in the 


quadrant stage. An interesting stage is shown in fig. 65, which 


c 
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has, beside the dermatogen, sixteen cells which are to become 
differentiated into periblem and plerome. Some writers say that 
the periblem and plerome are differentiated very early, and they 
have even pointed out the first cell which is to produce pler- 
ome and the first which is to produce periblem, as if each 
cell were predestined to play a certain réle. Hanstein’s (3) 
classic account of Capsella, followed by the standard text- 
books, illustrates this idea; Fleischer (7) is equally definite 
in his description of Ornithogalum and Viola; and there is no 
doubt that their figures are accurate. Everyone who has cut 
Capsella knows how easy it is to duplicate most of Hanstein’s 
figures. It is possible, perhaps probable, that the theory is cor- 
rect in the case of Capsella, as it has a very regular embryo. 
In the other types which Hanstein considers, such an explana- 
tion is not so satisfactory. Fortunately, he does not attempt to 
apply the theory to all plants. Fleischer would apply it to 
dicotyls in general, but in his Asclepias one cannot distinguish 
periblem from plerome in early stages. It is evident that mono- 
cotyls, in many of which the plerome can hardly be called an 
independent system, must have a different explanation. 

In the more regular embryos of Salix a person with some 
ingenuity might imagine this early differentiation into periblem 
and plerome, but the usual forms would demand some other 
theory. In Salix there are no four cells, which with their pos- 
terity are predestined to form the plerome of the plant, as in 
Hanstein’s Capsella, but, as will be shown, the differentiation of 
these tissues occurs very late in the development of the embryo. 

The relation between the suspensor and embryo in early 
stages is shown in figs. 68, 70, 73. It will be seen that the upper 
cell of the suspensor has divided by a longitudinal wall. <A 
second longitudinal division, which may take place in embryos 
even younger than these, divides the upper cell of the suspensor 
into a plate of four cells (fig. 53). The dermatogen of the 
whole embryo, except the part contributed by the suspensor, is 
differentiated in embryos still younger than that shown in fig. 65. 
The dermatogen is the first of the primary tissues of the root tip 
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to be differentiated, the first step in this differentiation being 
marked by the spindle in fig. 77. This division completes 
the dermatogen of the root tip, joining it with the dermatogen 
of the rest of the embryo, and furnishing the first layer of the 
root cap (jigs. 72, 75, 77a). These figures show no differentia- 
tion into periblem and plerome. I do not believe that the sus- 
pensor contributes anything to the periblem in Salix. An 
embryo almost in the cotyledon stage (fig. 74) shows a complete 
dermatogen, but still no definite plerome and periblem. Nearly 
mature embryos ( fig. 66) have the periblem and plerome sharply 
differentiated a short distance above the dermatogen of the root 
cap, but are indistinguishable at the apex, and both tissues still 
come froma common meristem. This figure represents the char- 
acters of the various regions of late embryos. The plerome cells 
are marked by dense protoplasmic contents free from vacuoles. 
Except very near the meristem they are elongated, and their 
long nuclei usually have two or more nucleoli. It is a region of 
cell elongation rather than of cell division. The periblem cells 
with their numerous vacuoles, spherical nuclei, and looser arrange- 
ment, present a noticeable contrast, which is emphasized by the 
fact that they are broader than long, and show evidences of cell 
multiplication rather than elongation. The prevailing divisions 
are transverse. The cells of the hypodermal layer of the peri- 
blem soon become sharply differentiated. The protoplasm with 
its nucleus is crowded against the inner wall of the cell by the 
encroaching vacuoles, which merge into one large vacuole con- 
taining a substance which seems to be suberin. A transverse 
section of the plerome and part of the periblem at this stage is 
represented in fig. 69. In fig. 76 the periblem and plerome seem 
to be completely differentiated. At the apex there is only one 
layer of periblem between the plerome and dermatogen and this 
is usually the case in mature embryos. This figure also shows 
the usual appearance of the layers of the root cap. The root 
region of an embryo which has completed its intraseminal 
development has a separate meristem for the periblem and pler- 
ome (fig. 67, the plerome and dermatogen being shaded, and 
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the initial cell of the plerome with one of its segments being 
more deeply shaded). 

Thus it is seen that in very young embryos all the cells are 
meristematic, and no tissues are differentiated. The first tissue 
to differentiate is the dermatogen, the greater part of which is 
usually cut off immediately after the octant stage. Some time 
before the appearance of the cotyledons the dermatogen is com- 
pleted by a contribution from the suspensor. The periblem and 
plerome, which are indistinguishable at the apex and grow from 
a common meristem during the greater part of their intraseminal 
development, become completely differentiated and grow from 
separate initials before the intraseminal development is com- 
pleted. 

It must be remembered that the development of the primary 
root of an embryo, in which the suspensor usually plays such an 
important part, is a very different thing from the development 
of a lateral root which is not modified by any suspensor con- 
tribution. 

The suspensor presents some variation, as may be seen by 
comparing the figures of p/. XV. After the suspensor has reached 
the three or four-celled condition, which it does at a very early 
stage, its cells stop dividing until the dermatogen is cut off to 
complete the dermatogen of the root. The middle cells of 
the suspensor, 2. ¢., the one or two cells below the hypophysis, 
then divide and sometimes give rise to eight or ten cells. The 
suspensor cell nearer the micropyle does not seem to divide. 

A glance at such embryos as those represented in figs. 70 
and 73 will show that the development below the first transverse 
division of the embryo is more regular and symmetrical than 
that of the upper half. In the hypocotyledonary portion 
there is a zone of cells (2, figs. 77, 73) which is frequently quite 
conspicuous at this stage. Below this zone the same figures show 
that the arrangement may be somewhat symmetrical. Even in the 
upper part,an embryo as regular as that drawn in fig. 77 shows 
some symmetry in the arrangement of its cells, but usually there 
is no regularity or symmetry except in the general outline. I have 
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made no special study of the upper part of embryos older than 
that represented by this figure. The embryo loses its spherical 
or ovoid form, becomes flat across the top, two regions of more 
rapid cell division and growth appear which push the cotyledons 
up above the less active meristem of the main axis, and the 
embryo assumes the characteristic form shown in fig. 66a. 

No account of Salix would be complete without mentioning 
peculiar embryos which depart from the normal course of devel- 
opment and for a time seem to have an apical cell. In one of 
these embryos (fig. 67) the apical cell is three-sided, and has 
cut off two segments in true pteridophyte fashion. A surface 
view of another is shown in fg. 64, and a median section of the 
same embryo is given in fig. 63, while still another peculiar 
embryo is shown in fig. 62. No trace of such apical cells is found 
in embryos older than these. If such embryos mature, it would 
be interesting to discover how the periblem and plerome differ- 
entiate, and what part the suspensor plays in the development. 


TERATOLOGY. 


Salix has been notable always for the frequency and variety of 
its sports. It is now monosporangiate and dicecious, but embry- 
ology gives no evidence that this is due to suppression, suggesting 
rather that it represents a primitive condition. 

A vigorous plant of S. glaucophylla was found in the spring of 
1895, many of the pistillate catkins of which were three or four 
inches long. A few catkins were entirely staminate, others were 
entirely pistillate, but many were mixed, some of the bracts hav- 
ing two stamens, some having one pistil, others having one pistil 
and one stamen, and still others having one pistil and two sta- 
mens. The pollen and stigmas matured at about the same time. 
Sections of the pistils showed perfectly normal conditions from 
the origin of the macrospore to the mature seed. The plant 
behaved the same way the next spring, and buds collected dur- 
ing the past winter showed that the same peculiarities will be 
continued. I have planted seeds to discover whether these char- 
acters can be propagated in that way. 
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A plant of S. cordata had some bracts with two pistils, and 
some with one pedicel bearing two pistils at its tip, but nearly all 
the bracts had the usual single pistil. No stamens were found 
upon this plant. Sections showed normal ovules and embryo 
development. " 

A plant of S. petiolaris found in the spring of 1896 exhibits 
the most surprising variety of sports. On this plant were found 
both staminate and pistillate catkins, catkins with pistils from 
some bracts and stamens from others, also catkins in which two 
stamens and one pistil, or one stamen and one pistil came from 
the axil of the same bract. Sections of material from this plant 
revealed interesting monstrosities, which are almost endless in 
their variety. For the sake of comparison, a section of a normal 
pistil of the same species, drawn to the same scale, is given in 
fig. 78. Sections like fig. 83 were not uncommon. Externally 
this pistil seems perfectly normal, but at the base of the ovary 
there is a single ovule instead of the half-dozen or more which 
are expected in this species. The embryo sac shows a well 
developed egg apparatus and primary endosperm nucleus. A 
single erect microsporangium is borne upon a stalk which closely 
resembles the placenta which bears the ovules. In fig. 88 there 
is external irregularity in the position of the stigma. The ovules 
are normal, one having a perfect embryo with the usual amount 
of endosperm, and the other having a well developed embryo 
sac. The single microsporangium is not borne upon a stalk, but 
nearly upon the wall of the carpel. In fig. 79 there are four 
ovules at the base of the ovary, all with embryo sacs developed 
to the fertilization stage. At the upper part is an ovule placed 
transversely. The middle is occupied by four microsporangia 
of very different aspect, one being borne upon a long slender 
stalk, another just above it having a somewhat placental base 
and decidedly pointed apex, while one of those on the other 
side is borne on the wall of the carpel, and the other upon a pla 
cental growth developed ata fold in the carpel. In fig. 82 there 
are two pistils upon a single pedice!, in one of which there is but 
a single poorly developed ovule, in the other two normal ovules 
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and two microsporangia. In fig. 85 the two pistils are united 
for half their length, one having two feebly developed micro- 
sporangia and one normal ovule, and the other the lower ovule 
perfectly orthotropous and with a perfect integument all around, 
its embryo sac being normal. This ovule is borne upon a long, 
smooth, slender stalk, which springs from the usual placental 
outgrowth. These long stalks were observed several times, and 
they always bore orthotropous ovules. It will be remembered 
that the anatropous or orthotropous character of ovules is used 
as a taxonomic character, the normal ovules of Sa/ix being 
anatropous. The other ovule is anatropous, and presents noth- 
ing exceptional except that the placental outgrowth is elongated. 
Another orthotropous ovule is shown in fig. 87, one of the two 
microsporangia having a long stalk. In fig. 86 one might fairly 
claim an ambisporangiate flower. The pistil contains two normal 
ovules, and one ovule curiously formed in the wall of the carpel, 
while the upper part of the ovary is occupied by two large micro- 
sporangia, one of which is not represented. The staminate flower, 
if such it may be called, has two microsporangia lying side by 
side, one of which is not represented. The stalk has the struc- 
ture of a carpel wall rather than that of a filament. In figs. 80, 87 
we have utterly irregular conditions. The ovules are not at all 
enclosed in the ovary, three of them being borne transversely 
and one of them orthotropous. Two of the embryo sacs were 
normally developed and look as if they might produce embrvos. 
This would afford an instance of fertilization in angiosperms 
without the intervention of a stigma. The pollen could fal! 
directly upon the ovule and a very short pollen tube would suffice. 
Such open carpels are not rare in this plant and it is probable 


that a careful search would yield cases of fertilization and embryo 


formation. A curious case is shown in fig. 84, where a common 
stalk branches into two filaments, each bearing an anther. Each 
anther has four microsporangia, two longer and larger on the 
inner side, and two spherical ones on the other side of the con- 
nective. In the anther on the right, the connective is prolonged 
into a well developed stigma. 
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Examples might be multiplied almost indefinitely, but these 
illustrate the general direction of the irregularities. Monospo- 
rangiate and ambisporangiate flowers in Salix have been described 
before, but I can find no account of microsporangia borne inside 
the ovary, or of orthotropous ovules. 

The more minute anatomy deserves some attention. As a 
rule, the macrospores have a perfectly normal development. 
Most of the material showed the macrosporangia at the fertili- 
zation period, and the egg apparatus and primary endosperm 
nucleus could not be distinguished from those of normal plants, 
and in several cases, as in fig. 88, embryos were developing in 
the usual way. The stamens of monosporangiate flowers, as 
well as those of the ambisporangiate flowers, developed exactly 
like other stamens in every detail which I was able to observe, 
but the microsporangia which were borne within the ovary need 
separate mention. These sporangia were usually solitary, but 
sometimes in pairs, and the wall usually had no layer at all 
between the tapetum and endothecium, the former often being 
abnormally developed, as in fig. 3. It is not at all unusual to 
find cells of the tapetum with two, three, or even four large nuclei, 
as represented in this figure. This preparation also shows cells 
of the tapetum which have divided by periclines. The cells of 
the sporogenous tissue are irregular in shape and probably would 
not have developed spores. Another irregular case is shown in 
jig. 6, where the sporogenous cells, probably spore mother cells, 
have surrounded themselves with a thick wall. Instances like 
figs. 3 and 6 are common, where the sporangium development iS 
feeble and seems to have beenchecked. Many of the microspo- 
rangia, however, especially those which are more or less stalked, 
present a more normal development. A characteristic example 
of the microsporangia which continue their development is seen 
in fig. 7, the wall appearing much like that in fig. 8, which is 
drawn from a perfectly normal anther of S. cordata. The pollen 
grains are somewhat vacuolated (as are the cells of the tapetum), 
and show the division into tube nucleus and generative nucleus, 
which are slightly smaller than is usually the case in S. petiolans, 
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but the pollen grains in fg. 5 could not be distinguished from 
normal ones at this stage. The pollen grains continue their 
development, the generative nucleus organizing a part of the 
surrounding cytoplasm and becoming the center of a fusiform 
cell (fig. 4). It is hardly probable that the pollen of these 
internal microsporangia plays any part in fertilization, for it is 
uniformly later in developing than the macrospores. 

Those who regard Salix as a reduced type rather than a prim- 
itive one might consider this mixture of monosporangiate and 
ambisporangiate forms as favorable testimony, but they furnish 
‘better evidence that even such variations as a change from dice- 
cism to moncecism or even to an ambisporangiate condition may 
appear suddenly. The orthotropous ovules and microsporangia 
inside of the ovary are also suggestive. 


SALIX AND OTHER AMENTIFERZ. 


The occasional presence of more than one macrospore in 
Salix is in harmony with what is known of other Amentifere. 
A few preparations of early stages in Populus tremuloides show 
five or six cells which are elongated to three or four times the 
length of the surrounding ones, have richer contents, and appear 
to have equally good prospects of becoming macrospores. 

The early development of the macrospore agrees more nearly 
with Nawaschin’s Betula than with any other of the described 
Amentifere. 

The tracheids, which form such a marked feature in Treub’s 
Casuarina and Miss Benson’s Castanea, do not occur in Salix. 

Salix has no cecum, unless the elongated antipodal end of the 
sac can be regarded as such. Ceca are so prevalent in Casua- 
rina and the British Amentifere that Miss Benson says “they 
may fairly be regarded as of taxonomic value.” 

The embryo sac of Salix, at the fertilization period, differs 
from those of Alnus, Corylus, Betula, Carpinus, Juglans, and 
Myrica, in that these have antipodals which may be found with 
some ease, in some of them the antipodals being quite persistent 
and forming thick cellulose walls. I am inclined to think that 
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Treub’s Casuarina agrees with Salix in that its antipodals are 
also hard to find. Treub states that they do not exist, and in 
claiming the development of an embryo sac without antip- 
odals he has certainly given us something unique. Treub’s 
main work was upon the sporogenous tissue, sterile macro- 
spores, and chalazogamy, and his results here are unquestionable ; 
but it might be worth while to have the development of the 
macrospore worked out in detail. 

With the exception of the problematical case represented in 
jig. 31, nothing was observed which would suggest the forma- 
tion of endosperm before the entrance of the pollen tube. In 
Casuarina, as described by Treub (22), the endosperm is formed 
before fertilization, and does not have its origin in a primary 
endosperm nucleus formed by fusion of polar nuclei. If Casua- 
rina has no primary endosperm nucleus, the mode of origin of 
the endosperm is also unique. The formation of endosperm 
before fertilization is not at all unusual, if fertilization be defined 
strictly as the fusion of the sex cells. In general the division 
of the primary endosperm nucleus precedes the division of the 
oospore as frequently as it follows, and it is not exceptional to 
find two or four nuclei in the endosperm before the division of 
the oospore, but in all these cases the formation ot endosperm 
seems to be initiated through the influence of the pollen tube. 
Since Treub’s figures show the pollen tube within the macrospore 
he may have merely an unusual amount of endosperm formed 
before the fusion of the sex cells. It is certainly true that Casua- 
rina has a more extensive endosperm formed before the division 
of the oospore than has yet been described for any other angio- 
sperm, Myrica somewhat approaching it in this respect. Unfor- 
tunately I have had no opportunity to examine any preparation 
of Casuarina. 


RECAPITULATION AND SUMMARY. 


Complete series were studied in Salix glaucophylla, S. petiolaris, 
S. cordata,and S. ¢tristis, with less complete series in thirteen 
other species. 
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1. Organogeny of the flower.—Pistillate buds, collected in 
August show the carpels outlined but no trace of ovules. October 
buds of S. glaucophylla and S. cordata show the nucellus, but the 
integument as a rule does not appear until spring. Staminate 
buds collected in October show the stamens well outlined. The 
nectaries in both staminate and pistillate buds can be seen in 
October. A diligent search failed to reveal the slightest trace 
of rudimentary floral organs, which those who regard Salix as a 
reduced type might expect to find. 

2. Development of the microspores— A comparison of autumn, 
winter, and early spring buds shows that most stamens pass the 
winter in the spore mother cell stage. The division into gener- 
ative nucleus and tube nucleus takes place before the tapetum 
breaks down. The generative nucleus soon organizes a part of 
the surrounding cytoplasm and becomes a fusiform cell. No wall 
is formed between the nuclei. Populus monilifera differs in this 
respect, a definite wall separating the two cells. The cells of the 
tapetum are often binucleate. 

3. Origin of the macrospore-—The macrospore has its origin 
in a hypodermal cell at the apex of the nucellus. Sometimes 
there are two or three archesporial cells, but it is very seldom 
that more than one develops. The primary tapetal cell usually 
gives rise toa tierof three or four cells, but sometimes does 
not divide. The macrospore mother cell usually cuts off one or 
two potential macrospores, but sometimes germinates without 
cutting off any such cells. This variation is prevalent in the 
genus. 

4. Germination of the macrospore.-—The first division of the 
primary nucleus of the macrospore is transverse. In the second 
and third divisions the spindles at the micropylar end are trans- 
verse, while the spindles at the antipodal end are longitudinal. 
After the first division, development proceeds with increasing 
rapidity until the female gametophyte has reached the fertiliza- 
tion period. Great difficulty was experienced in demonstrating 


the presence of antipodal cells, several hundred macrospores, just 


before the fertilization period, yielding only six cases of 
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undoubted antipodals. This might suggest that Casuarina may 
have antipodals which are also evanescent and hard to find. 

The synergids frequently havea strongly developed “ filiform 
apparatus,” which gives them a beaked appearance. The egg 
apparatus breaks through the wall of the macrospore and pro- 
jects into the micropyle. In a few cases the synergids were 
observed to persist until the embryo was almost in the cotyledon 
stage. 

5. The pollen tubes and fertilization—The pollen tubes were 
examined with great care in several species on account of the 
discovery of chalazogamy in several of the Amentifera, but in 
every case the pollen tube was observed to enter the micropyle. 
The beaks of the synergids open the micropyle and attract the 
pollen tube. 

The generative nucleus was observed in the pollen tube and 
in the oosphere, but not in the act of fusion. The polar nuclei 
fuse to form the primary endosperm nucleus before the fusion of 
sex cells takes place. As soon as the pollen tube enters the 
micropyle the primary endosperm nucleus begins to enlarge, and 
its division usually precedes that of the oospore. In one case 
the embryo had almost reached the cotyledon stage and the 
primary endosperm nucleus had not yet divided. 

6. Development of the embryo— The first division of the 
oospore is always transverse and that of the embryo cell is 
always longitudinal. The second division is usually longitudinal, 
but sometimes transverse, and the third division usually trans- 
verse but sometimes longitudinal. The differentiation of derma- 
togen usually immediately follows the octant state. The first 
pericline cutting off dermatogen appears in one quadrant as 
frequently as in another. Sometimes an octant will make one or 
two other divisions before the dermatogen is cut off. The der- 
matogen of the root tip is contributed by the upper cell of the 
suspensor. The suspensor does not contribute anything to the 
periblem. Periblem and plerome cannot be distinguished in 
early stages, as in Capsella. Fora time, periblem and plerome 
grow from a common meristem, but toward the close of intra- 
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seminal development they become differentiated even at the apex 
and grow from separate initials. 

7. Teratology—s1n addition to monosporangiate and ambi- 
sporangiate forms, which have been described by other observers, 
a strange sport of S. petiolaris was found with microsporangia 
growing within the ovary. Sometimes the microsporangia were 
upon long stalks, sometimes upon placentalike outgrowths 
of the carpel, and sometimes imbedded in the carpel wall. 
One case showed two quadrilocular stamens with the filaments 
united below, and the connective prolonged above into a stigma. 
In the microsporangia borne inside the ovaries the microspore 
development was sometimes normal, but was as often feeble and 
abortive. In ovaries which contained microsporangia the ovules 
were sometimes perfectly orthotropous, and had the integument 
developed all around. The macrospore development was normal 
and embryos were not uncommon. Collections, representing 
in some cases three flowering seasons, show that a plant may 
continue its particular sport year after year. 

8. Salix and other Amentifere.—Salix does not have the exten- 
sive archesporial tissue in the ovule described for several Amen- 
tiferze, but sometimes has two or three archesporial cells. The 
development of the macrospore agrees more nearly with Betula 
than with any other of the described Amentifere. Thereare no 
nucellar tracheids as in Castanea and Casuarina. The difficulty 
in finding antipodals in Salix would suggest that the development 
of the macrospore in Casuarina be reinvestigated. 
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EXPLANATION OF PLATES XII-XVIII. 


List of abbreviations used: a, antipodals; 4, beak, or filiform apparatus ; 
c, root cap; @, dermatogen: em, embryo; ez, primary endosperm nucleus ; 
m, macrospore mother cell; sg, male generative cell; 0, oosphere; 071, 
oosphere nucleus; Zer, periblem; A/, plerome; Z¢, pollen tube; syw, syner- 
gid; ¢, tapetal cell. 

All figures, except those of 4/7. XV/// and fig. 66a, were drawn with a -, 
Bausch and Lomb immersion and Zeiss ocular no. 4. 

Figs. 1-9;X 594; figs. 10-24, 631; figs. 25-65, x 694; figs. 66-772,» 
390; figs. 78-88, 4o. 

PLATE X11. 

Fic. 1. Young anther of Salix glaucophylla. October 1. 

Fic. 2. Young anther of Sa/éx tristis. March 31. 

FG. 3. S. fetiolaris. Young microsporangium of a sport. 
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Fic. 4. S. fetiolarts. Mature pollen grains of a sport. 

Fic. 5. S. fetiolaris. Portion of microsporangium of sport. 

Fic. 6. S. fetiolaris. Portion of microsporangium of sport. Irregular 
development. 

Fic. 7. S. petiolaris. Portion of microsporangium of sport. 

Fig. 8. S.cordata. Portion of microsporangium of normal anther. 

Fic. 9. S. cordata. Later stage of development than fg. 8. 


PLATE XI1l, 
S. glaucophyla. 


F1G. 10. Apex of nucellus with single archesporial cell. 

Fic. 11. Apex of nucellus with two archesporial cells. 

Fic. 12. Apex of nucellus before the differentiation of the archesporium. 

F1G. 13. Nucellus showing macrospore mother cell and primary tapetal 
cell. 

Fic. 14. Typical nucellus with one fertile macrospore, one potential 
macrospore and three tapetal cells. The nucleus of the fertile macrospore is 
accompanied by two centrosomes. : 

Fic. 15. First division of the primary nucleus of the macrospore; one 
potential macrospore ; two tapetal cells. 

Fig. 16. Second division; one potential macrospore; one tapetal cell. 

Fic. 17. One fertile macrospore; two potential macrospores ; four tapetal 
cells. 

Fics. 18, tg. First division ; one potential macrospore ; three tapetal cells. 

Fig. 20. Second division, showing transverse micropylar spindle and lon- 
gitudinal antipodal spindle. 

Fic. 21. Irregular development of macrospore. 

FIG. 22. Irregular development; the micropylar nucleus has probably not 
divided. 

F1G. 23. Third division showing position of spindles. One spindle or pair 
of nuclei has washed out. 

Fic. 24. Second division; unusual destruction of nucellar tissue for this 
stage. 

PLATE XIV, 

Fic. 25. S. glaucophylla. Oosphere indefinite in form; nucleolus of pri- 
mary endosperm nucleus very dense; synergid nuclei distinct; filiform 
apparatus well developed. 

Fic. 26. S. glaucophylla. Antipodal region; three definite antipodals. 

Fic. 27. S. glaucophylla. Three antipodals; fusion of polar nuclei to 
form primary endosperm nucleus; one synergid with two nuclei. 

Fig. 28. S. petiolaris. Egg apparatus projecting from nucellus; the 
synergids sharply beaked. 
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FiG. 29. S. glaucophylla. Extreme development of the beak or “filiform 
apparatus.” 

Fic. 30. S. fetiolaris. Egg apparatus projecting; filiform apparatus 
feebly developed. 

Fic. 31. S. glaucophylla. Cells marked a may be three antipodals ; pri- 
mary endosperm nucleus apparently not divided; if not antipodals the three 
cells may have resulted from the lower polar nucleus and the nucleus (ez) 
may not be the result of fusion. 

PLATE XV. 

Fic. 32. S. glaucophylla. Just after fertilization ; oospore is enlarged and 
has cellulose wall ; endosperm nucleus not yet divided. 

F1G. 33. S. Jetiolaris. Three cells marked a may be antipodals, or may 
explained as in fig. 37. 

FiG. 34. S. etiolaris. Pollen tube has entered but fusion has not yet 
taken place ; endosperm nucleus has become very large. 

FIG. 35. S. petiolaris. Synergid persisting long after fertilization. 

Fic. 36. S. Zetiolaris. Pollen tube entering between beaks of synergids ; 
fusion not yet effected ; primary endosperm nucleus very large. 

Fic. 37. S. glaucophylla. Primary endosperm nucleus not yet divided, 
an abnormal delay. 

Fic. 38. S. glaucophylia. Unusual persistence of synergids; synergids 
have no vacuoles and their nuclei are in an unusual position ; the pollen tube, 
of course, is not the one which was concerned in fertilization; endosperm 
forming in the usual manner. 

FIG. 39. S. fetiolaris. Pollen tube between beaks of synergids; fusion 
has taken place, oospore very spherical; primary endosperm nucleus not yet 
divided. 

Fic. 40. S. glaucophylla. Entrance of male generative nucleus; this 
nucleus is lenticular and its volume is less than that of the oosphere nucleus, 
although the figure gives a contrary impression. 


PLATE XVI, 

Fic. 41. S. fetiolaris. First division of oospore. 

Fic. 42. S. glaucophylla. First division of oospore. 

FIG. 43. S. fettolaris. The suspensor cell has divided. 

Figs. 44-46. S. petiolaris. First division of the embryo. 

Fic. 47. S. petiolaris. Embryo of three cells; upper cell of suspensor 
has divided. 

Fic. 48. S. Jetiolaris. Quadrant stage; second division of the embryo 
has been transverse; all nuclei are shown; synergid persisting. 

Fic. 49. S. cordata. Quadrant stage; second division of embryo longi- 
tudinal. 
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Fic. 50. S. fetiolaris. Quadrant stage; second division of embryo longi- 
tudinal. E : 


FIGS. 51, 52. Quadrant stages in S. fetiolaris and S. cordata respectively. 

Fic. 53. S. petiolaris. Octant stage; upper cell of suspensor has given 
rise to a plate of four cells; synergid persisting. 

Fic. 54. S. petiolaris. Quadrant stage; embryo small as compared with 
the suspensor. 

FiG. 55. S. pfetiolaris. Irregular embryo. 

Fig. 56. S. cordata. Dermatogen cut off in one segment while a neigh- 
boring segment is developing farther before cutting off dermatogen. 

Fic. 57. S. petiolaris. Lower cell of suspensor much enlarged. 

Fic. 58. S.cordata. Irregular embryo. 

FiG. 59. S. fetiolaris. Embryo of sport; variation in the stage at which 
dermatogen is cut off. 

Fic. 60. S. cordata. Early division in middle cell of suspensor. 

Fic. 61. S. fetiolaris. Three-sided apical cell. 

F1G. 62. S. cordata. Apical cell. 

F1G. 63. S. cordata. Later stage of embryo which started to develop by 
an apical cell. 

F1G. 64. Surface view of same embryo as fig. 63. 

Fic. 65. S. glaucophylla. All dermatogen cut off except the suspensor 
contribution ; sixteen cells in the embryo besides the dermatogen. 


PLATE XVII, 

Fic. 66. S. fristis. Root end of nearly mature embryo, showing character 
of various cells; periblem and plerome not entirely differentiated at the apex. 

Fic. 66a. Outline sketch of same embryo showing cotyledons and apex 
of stem. 

Fic. 67. S. ¢ristis. Periblem and plerome differentiated even at the apex ; 
initial cell of plerome and one segment more deeply shaded; dermatogen 
and four layers of root cap also shown. 

Fic. 68. S. glaucophylla. Embryo before differentiation of the dermato- 
gen of the root tip. 

F1G. 69. S. ¢véstis. Transverse section of embryo in the stage shown in 
fig. 66, taken a few cells above the common meristem of periblem and 
plerome. 

Fic. 70. S. glaucophylla. Embryo unusually symmetrical in its divisions. 

Fic. 71. S. glaucophylla. Very symmetrical embryo showing the zone of 
cells (z) just below the first transverse wall. 

FiG. 72. S. ¢ristis. Dermatogen of root tip differentiated; no trace of 
separation into periblem and plerome. 

Fic. 73. S. glaucophylla. Embryo showing zone of cells (z); develop- 
ment more symmetrical in hypocotyledonary portion than in the cotyledonary. 
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Fic. 74. S. ¢ristts. Embryo almost in cotyledon stage; dermatogen of 
root tip differentiated but still no separation into periblem and plerome. 

Fic. 75. S. glaucophylla. Shows dermatogen of root tip and the root 
cap; no differentiation into periblem and plerome. 

Fic. 76. S. tristis. Dermatogen of root tip and several layers of the 
root cap; periblem and plerome are probably independent. 

Fic. 77. S. glaucophylla. The lower karyokinetic figure marks the 
division by which the suspensor contributes the dermatogen of the root tip 
and first layer of the root cap. 

Fic. 77a. S. glaucophylla. A somewhat later stage than fg. 77. 


PLATE XVIII. 
Fic. 78. S. pfetiolaris. A normal pistil drawn for comparison. 


Fics. 79-88. S. Aetiolaris. All drawn from material taken from a single 
monstrous plant. A short description of each figure is given in the text, 








CONTRIBUTIONS FROM THE CRYPTOGAMIC LABO- 
RATORY OF HARVARD UNIVERSITY. XXXVIII. 
NOTES ON THE GENUS CALOSTOMA. 

CHARLES EDWARD BURNAP. 

(WITH PLATE XIX) 

THE genus Calostoma comprises a small group of gastromy- 
cetous fungi of peculiar habit which, though widely distributed 
geographically, are by no means well known as regards their 
developmental history. Even the commonest species, which is 
also the best known member of the group, and is met with not 
rarely in the whole eastern section of the United States, has 
never been obtained in a condition to show clearly the earlier 
phenomena connected with its spore formation. The lack of any 
definite information on this point has rendered the immediate 
affinities of the genus a matter of some uncertainty, and the 
present paper is offered asa slight contribution on the subject, 
based upon the examinition of material in unusually good con- 
dition collected by Dr. Thaxter in the vicinity of New Haven, 
Conn. The fact that this fungus passes its early stages just 
below the surface of the ground and is usually protruded only 
after the elements of the gleba, or spore bearing portion, have 
disappeared by absorption, renders it very difficult to procure in 
a young condition. The present material was obtained just as 
the plant was beginning to appear at the surface in a spot which 
had been marked during the previous season with this end in 
view. In addition to this young material just mentioned I have 
had access to specimens in Dr. Thaxter’s herbarium, and the 
collections in the laboratory and herbarium of the Cryptogamic 
Department of Harvard University, including the collection of 
Dr. Curtis. 

Although one of the American species of Calostoma was 
described as early as 1691, the first extended account of the 
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development of any member of the genus is that given by Fischer 
in 1884, in which the morphology and development of C. cinna- 
barinum are fully and correctly described. The material, how- 
ever, on which this account was based does not seem to have 
been in condition to show the development of the gleba, except 
to a limited extent. The only remaining contribution of impor- 
tance which relates to the morphology of the genus is that con- 
tained in the monograph published by Massee in 1888, where 
the development of Calostoma cinnabarinum, based upon speci- 
mens in the Kew Herbarium, is described in some detail. To 
this description we shall have occasion to refer presently. 

At maturity C. cimnabarinum, which is the most common 
American species and may serve as a type for the whole genus, 
presents the appearance of an ochraceous globose body opening 
above by a stellate mouth guarded by toothlike valves, and 
extending below into a footstalk composed of anastomosing 
strands. The gleba lies at the center of the globose body, and 
is surrounded in its younger stages by four layers: (1) the volva, 
an outer gelatinous layer which soon disapppears; (2) the 
exoperidium, a layer just within the volva, also breaking away 
at an early stage ; (3) the endoperidium, which is the external 
layer in older specimens; and (4) the spore sac containing the 
gleba. 

Before passing to the development of the gleba, the other 
elements of the plant may be described briefly, further details 
concerning which may be sought in the accounts of either Fischer 
or Massee already referred to. 

The volva, which envelops the fungus in its early stages, is 
composed of a homogeneous gelatinous mass arising from the 
gelatinification of the walls of a layer of hyphz which are found 
imbedded in it and are developed in a radial direction from the 
exoperidium which lies next to it. When swollen by water, as 
it usually isin a state of nature, it constitutes a viscid jelly-like 
mass which soon becomes ruptured at the apex, partly through 
its own deliquescence, and partly by the protrusion of the inner 


elements up through it. At this stage it is separated from the 
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exoperidium except at the base, and sinks to the ground from 
its own weight (jig. 4), after which it deliquesces, and leaves but 
a slight trace of itself around the base of the footstalk and 
exoperidium. 

The hyphz found imbedded in the volva extend inward and 
form the exoperidium in which three rather distinct zones occur. 
The first or outermost is composed of branching hyphz which 
run parallel with the periphery. In the middle zone the 
branching and anastomosing hyphe run in a radial direction, 
becoming thicker as they extend inward, and soon pass over into 
the third zone in which the hyphe are closely interlaced, and 
have their thick walls beset with numerous red granules. The 
hyphe of the outer and middle zones lie imbedded in a muci- 
laginous substance which when dry gives the exoperidium a 
horny consistency, but when moistened swells considerably. 

At first the hyphe of the innermost layer of the exoperid- 
ium pass inward and are in connection with those of the endo- 
peridium, but through the disintegration of the walls of the 
hyphe forming the inner portion of the granular zone a separa- 
tion soon takes place between these two layers. Owing partly 
to the distention of the endoperidium ‘with its contained ele- 
ments, and partly to the elongation of the footstalk in the region 
between the exoperidium and the endoperidium, the former is 
ruptured more or less irregularly around the base, at the same 
time splitting from below upward into numerous laciniz, while 
not uncommonly a similar splitting may take place at the apex. 
As a result, the exoperidum becomes divided into numerous 
irregular segments which curl spirally either outward or inward, 
according as the mucilaginous substance in its outer zone is 
dry and contracted or moist and swollen. In this manner the 
exoperidium is finally removed by a process of peeling, so that 
in the more mature state little or none continues attached to the 
plant, the remainder lying about the base in the form of spirally 
twisted fragments. . 

The endoperidium is composed of thick walled closely inter- 
laced hyphe, and is of an extremely hard and enduring char- 
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acter, readily hibernating without injury. Its apex protrudes as 
an umbonate elevation which has from four to seven slits radiat- 
ing from a center and dividing into a corresponding number of 
tooth-like valves, the inner surfaces of which are of a brilliant 
vermilion. The basal portion of the endoperidium forms the 
point of origin of the footstalk, which extends downward and 
breaks through the exoperidium in such a manner as to enclose 
completely patches of the red granular zone (fig. 6,d). Upon 
passing out of the endoperidium into the footstalk the hyphe 
form themselves into anastomosing gelatinous strands (fig. 6, 6) 
which give it the peculiar reticulate appearance seen in the 
mature specimens. 

The tooth-like valves already mentioned open into the spore 
sac, which is composed of hyphz somewhat smaller in diameter 
than those of the endoperidium. In the earlier stages the 
spore sac and endoperidium are in connection throughcut, but a 
separation soon takes place, except at the apex in the region 
around the mouth where the connection between the two layers 
persists. After this separation the spore sac gradually contracts 
as the spores are discharged, so that a cavity is left between it 
and the endoperidium. 

The hyphz of the wall of the spore sac continue inward and 
form the gleba, which is of a yellowish color, and, when seen in 
cross section in its early stages, has a lobulated appearance, the 
cleft-like cavities between the lobules being traversed by loose 
strands of large brownish yellow branching hyphz which form 
an irregular network (fig. 5). These hyphe (fig. 7) are 3-44 
thick, with frequent septa and clamp connections, and are 
marked with irregular transverse thickenings (a2). They appear 
to have no connection with the fertile hyphae; a fact which, 
together with the presence of the annular thickenings, would 
seem to indicate that they may represent a rudimentary capil- 
litium, although I have not been able to find them after the spores 
arrive at maturity. 

The fertile hyphe are about 3» thick, much branched and 


bent and of a yellowish color. At an early period of their 
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development they are thickly beset with numerous small rounded 
wart-like protuberances, and also short secondary branches of a 
smaller diameter than the primary hyphe (jig. 8,6). At this 
stage, also, numerous oblong cells are developed from the fertile 
hyphe which give to the gleba a characteristic appearance. 
These cells (fig. 8 2), which are at first globose, but at maturity 
become slightly oblong, are found borne upon the primary 
hyphe, either laterally or terminally, in the center of a cluster 
of secondary branches which grow up around them. At matu- 
rity they are easily detached and may be seen isolated and scat- 
tered in all directions in the gleba as spore-like bodies measuring 
from 4-7X7-I1I¢. It is probable that these are the cells to 
which Fischer (1884) refers as occurring between the hyphe of 
the gleba. On the further development of the gleba these cells 
entirely disappear through absorption, while the secondary 
branches which surround them develop into hyphe bearing the 
basidia. Before this takes place, however, the spore sac, with 
the exception of a small area at the apex, becomes separated 
from the endoperidium, thus greatly reducing the surface upon 
which the gleba can draw for nutriment. The fact that the 
oblong cells disappear soon after this separation takes place may 
perhaps indicate that their function is to serve as reservoirs of 
food for the later stages of the other elements of the gleba. 

As has just been stated, after the disappearance of the 
oblong cells above described, the secondary hyphe are found to 
have developed considerably, and at the ends of their numerous 
branches the basidia are borne. These hyphz have by this time 
increased to the diameter of the primary hyphe, and like them 
are beset with numerous wart-like protuberances. The basidia 
(jig. 9) are usually club shaped, but vary widely; oftentimes 
being very nearly cylindrical and of the same diameter as the 
hyphz which bear them, and from which they are separated by 
a transverse septum. The spores, which at first are subglobose 
and later become ellipsoid and punctate, are borne laterally as 
well as terminally; being more or less evenly distributed over 
the whole surface of the basidium, as in Tulostoma. The number 
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occurring on a single basidium varies from five to ten or twelve. 
My material contained no specimens with the mature spores still 
in situ; but in that which I examined, although the spores were 
considerably advanced, there were no sterigmata. 

In his monograph, already referred to, Massee describes and 
figures the basidia as “broadly obovate, measuring from 40-50 

< 15-20, and bearing five or sometimes six spores supported 

on minute wart-like prominences arranged in a circle around the 
apex.’’ In my material, however, the position of the spores is 
very characteristic, and in no specimen which I examined were 
they in the least confined to the apex of the basidia, nor did 
they show any tendency to a circular arrangement in this 
region. 

The fact that the spores are borne laterally upon the basidia 
in Calostoma seems to point at once to its affinity with Tulo- 
stoma, the only other gastromycete in which the spores are simi- 
larly borne. Fischer is of the opinion that the double peridium 
in Calostoma indicates its affinity with Geaster; a view also 
supported by Massee. The latter observer homologizes the 
external peridium of Geaster with the exoperidium and endo- 
peridium of Calostoma, and the inner peridium of Geaster with 
the spore sac in Calostoma. He calls attention, however, to the 
wide difference which exists in the fact that in Geaster the inner 
peridium is confluent with the base of the outer peridium, while 
in Calostoma what he considers as the morphological equivalents 
of these two elements are confluent at the apex. The affinity of 
Calostoma with Tulostoma, however, seems to offer a more sim- 
ple explanation of the facts. If we consider that the part of the 
peridium immediately surrounding the gleba in Tulostoma 
becomes differentiated to form the spore sac, but still remains 
attached to the outer shell of the peridium (endoperidium) at 
the apex, and that the rest of the peridium becomes differen- 
tiated into three layers (volva, exoperidium, and endoperid- 
ium), we see how readily the differences between the two genera 
may be explained. Both Calostoma and Tulostoma agree in 
being forced to the surface by the extension of a footstalk. In 
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Calostoma this footstalk is surrounded in its younger stages by 
the volva and exoperidium, and is plainly seen to arise from 
the endoperidium (fig. 6). In Tulostoma the footstalk is like- 
wise surrounded in its younger stages by a portion of the perid- 
ium, which we may consider to be equivalent to the volva and 
exoperidium in Calostoma, and the inner region of the peridium 
from which the footstalk arises is probably the morphological 
equivalent of the endoperidium. 

The similarity which exists between the basidia of the two 
genera is very close indeed, the greatest difference being that in 
the species of Calostoma under consideration the number of 
spores on a single basidium is considerably larger. Schreeter’s 
original figure of the basidia of Tulostoma represents the spores 
with scarcely any sterigmata, and in his description he speaks 
of their nearly sessile character, so that the difference which 
exists in this respect is very slight. 

Briefly stated, then, the evidence which seems to point to the 
affinity of Calostoma with Tulostoma rather than with Geaster, 
is found in the fact that both genera possess a form of basid- 
ium found in no other gastromycete, while the basidia of 
Geaster are entirely different ; and that in explaining the differ- 
ences which exist between Calostoma and Tulostoma by a simple 
process of evolution, no such obstacle has to be overcome as is 
found in the fact that, in Calostoma, the spore sac and endoperid- 
ium are united at the apex, while in Geaster what Massee con- 
siders their morphological equivalents are united at the base. 

The anomalous character of such a type of basidium in so 
highly developed a gastromycete, which finds its only parallel 
within the group in the four-spored basidia of Tulostoma, is a 
matter of some interest in connection with any attempt to draw 
comparisons between the typical basidiomycetes and the sup- 
posed transitional forms. In the present instance it must be 
admitted that (assuming the basidial nature of the sporophores 
of Pilacre) the peculiar basidia just described, together with the 
number, position and sessile character of the spores, would 
render comparatively easy the steps from the angiocarpous Pro- 
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tobasidiomycetes of Brefeld’s “system” to the typical Gastro- 
mycetes. 

From a systematic point of view the American species of 
Calostoma are not without a certain interest, especially in con- 
nection with the uncertainty which has prevailed concerning the 
distinctions existing between C. cinnabarinum and C. lutescens. 
The earliest reference to either of these species is, so far as can 
be ascertained, that which is made by Plukenet in his Phyto- 
graphia (1691), where, as pointed out by Farlow (1887), a 
fungus, probably referable to C. cémnabarinum, is figured and 
briefly described as follows: ‘ Fungus pulverulentus virginianus 
caudice corallino topiario opere contorto.”” More than a cen- 
tury later Persoon (1809) described and figured one of the 
American forms under the name of Scleroderma callostoma, remark - 
ing that if many species with a similarly shaped mouth were found 
a new genus should be formed, and later in the same year Des- 
vaux (1809) established this new genus, giving it the name of 
Calostoma, and describing the only American species then 
known as C. cinnabarinum. In 1811 Bosc again described it as 
Lycoperdon heterogeneum, probably not having seen either Per- 
soon’s or Desvaux’s description, as he makes no reference to 
them. Like Persoon, Bosc states that it should form a new 
genus, and in 1817 Nees von Esenbeck, who was also evidently 
ignorant of the description of the two last named authors, for 
a second time places it in a new genus, calling it MZ2tremyces 
heterogeneus. In 1825 Edward Hitchcock in an article on C. 
cinnabarinum in Am. Jour. Sci. calls it Gyropodium coccineum, a 
name which he ascribes to Schweinitz, but evidently upon no 
published authority. Later Corda in 1842 retains both the 
generic names of Calostoma and Mitremyces, referring C. cénna- 
barinum to the former and C. dutescens to the latter; while lastly 
in 1888 all the species of the genus were returned by Massee to 
the older name of Calostoma. 

The genus contains ten species, which are widely distributed ; 
occurring in America, Australia, southern Asia, and the Malay 
Archipelago. 
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The similarity in the appearance of C. dutescens and C. cinnabar- 
znum has led to the confusion which has existed concerning 
their distinctions. Schweinitz in 1822 described a form from 
Carolina as M. dutescens and later in 1831 a second species as MV. 
cinnabarinum. Sprengel (1827), Fries (1849), and Nees, 
Henry, and Bail (1837) all give MW. lutescens as the only Ameri- 
can species, but Corda, as we have just seen, gives also Calostoma 
cinnabarinum, without being aware of its generic connection with 
Mitremyces lutescens. Massee in his monograph states that owing 
to the considerable variations in size, color and form which 
C. cinnabarinum presents he is of the opinion that the Mitremyces 
lutescens of Schweinitz is but a young condition of his MW. cinna- 
barinum, and unites the two under this name. The only refcr- 
- ence made to the shape of the spores of MW. lutescens by the early 
observers is found in the description of Corda, who states that 
they are globose. Calostoma cinnabarinum, on the other hand, 
as is well known, has ellipsoid punctate spores. Among the 
specimens contained in the Curtis collection and labeled J/. 
lutescens are two examples, however, one from Alabama (coll. 
Peters), the other from West Virginia (coll. A. H. Curtiss), which 
agree with Corda’s description in possessing globose spores. 
They further differ from C. cimnabarinum in having a longer foot- 
stalk, the gelatinous strands of which are finer and more closely 
woven, while the color is of a more uniform pale yellowish. The 
length of the footstalk (fig. 7) was as much as 9, although 
part of it had evidently been broken off at the base, and in a 
fresh state it might have been even longer. 

These two dried specimens were the only material of C. 
lutescens which I was able to examine, but they indicate that 
Massee was in error in considering the species identical with C. 
cinnabarinum, and that, while it is probably the globose spored 
form to which Schweinitz gave the name of MW. lutescens, it is, 
with little doubt, the form which Corda describes by that name. 
The ‘MW. lutescens”’ from Ceylon described by Massee as C. 
Berkeley is identical with the American form as far as concerns 
the character and measurements of the spores. The habit, 
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however, as represented in Massee’s figure does not present 
the same peculiarities which appear to distinguish our species. 

Another small species from South Carolina was first described 
in 1857 by Berkeley as MW. Ravenel. It is smaller than the 
other two American forms, and further differs from them in 
the fact that its exoperidium often remains attached to the endo- 
peridium in the form of wart-like protuberances. 

Three American species may then be distinguished as fol- 
lows: 

CALOSTOMA CINNABARINUM Desv. Plate XIX, figs. 3-10. 

Fungus pulverulentus Plukenet, Phytographia A/. 784. fig. 5. 1691. 

Calostoma cinnabarinum Desvaux, Jour. de Bot. 2: 94. 1809. 

Scleroderma calostoma Persoon in Desv., Jour. de Bot. 2: 15. AZ. 2. fig. 2. 
1809. 


Lycoperdon heterogeneum Bosc, Mag. Ges. Nat. Fr. 5:87. A/. 6. fig. 70 a, 
é. 1811. 

Lycoperdon calostoma Poir. Encycl. Suppl. 5: 476. 18—. 

Mitremyces heterogeneus Nees, Syst. der Pilze und Schwamme 136. J/. 
II. fig. 129a. 1817. 

Gyropodium coccineum Hitchcock, Am. Jour. Sci. 9: 56. £7.37. 1825. 

Mitremyces cinnabarinum Schweinitz, Syn. Fung. Amer. Bor. in Amer. 
Phil. Soc. 255. no. 2244. 1831. 

Mitremyces lutescens Ell. & Ev. Fung. Columb. 799, N. A. F. 727; Rav. 
Fung. Car. 1: 76. 


Exoperidium vermilion within, breaking at base, sometimes 
at apex also, into lacinie. Endoperidium ochraceous, often 
slightly vermilion; ostiolum vermilion, teeth 4-7. Footstalk 
reddish brown or brownish, 1-6™ long by .75—3°™ wide. Spores 
elliptic-oblong, echinulate or punctate, pale ochre yellow, 15- 
18 X 8—10p. 

Eastern part of the United States: Massachusetts (Faxon), 
Pennsylvania (Schw.), Carolina (Rav.), Texas (Drum.), Ohio 
(Morgan), Tennessee and Connecticut (Zhaxter). 

It makes, its appearance above ground towards the end of July, and is 
more commonly found growing in rather moist situations along the banks of 
streams in woods, sometimes occurring in dryer localities. Although under the 
ordinary powers of the microscope the spores appear echinulate, examination 
with higher magnification shows them to be rather punctate, the points corres- 
ponding to striations in the spore wall as is shown in fig. zoa. The surface 
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of the spore may also be covered with a flaky incrustation present in small 
irregular patches as in 0. 


CALOSTOMA LUTESCENS (Schwein.) Plate XTX, figs. 7, 2. 

Mitremyces lutescens Schweinitz, Syn. Car. p. 60 no. 345. 1822; Corda, 
Anleitung, 79, A/. D. fig. 47, nos. 15-17. 1842. 

Calostoma cinnabarinum Massee fro parte, Annals of Botany 2; 42, 
1888. 

Exoperidium light yellowish. Endoperidium smooth, yel- 
lowish, ostiolum pale vermilion within. Footstalk longer, its 
strands somewhat finer than in the last species, yellowish, 7-9™ 
long by .75-2™ wide. Spores globose, verrucose, 7-9. 

Alabama (Peters), West Virginia (A. H. Curtiss). 

Several specimens in the Curtis collection are labeled .7. lutescens, only 
two of which appear really to belong to this species. Although the age of 
the specimens does not admit of any accurate description of their gross 
appearance, they seem to differ from C. cémnabarinum in their pale yellowish 
color and longer more highly developed footstalk, which appears to attain a 
greater length than is ever seen in the last mentioned species. The endo- 
peridium, when it still remains, is yellowish within and without, a fact which 
may be due to its being faded with age. The inner faces of the teeth, how- 
ever, have a distinct vermilion tint. The round verrucose spores which vary 
greatly in size at once distinguish the species from C. ciénnabarinum, and as 
already mentioned coincide with the description given by Corda. 

CaLosToMA RAVENELII (Berk.) Massee. 

Mitremyces Ravenelit Berkeley, Trans. Linn. Soc. 22: 130. £/. 25 B. 1857. 

Calostoma Ravenelit Massee, Annals of Botany 2: 25. 1888. 

Smaller than last two species, the exoperidium remaining 
attached to the ochraceous endoperidium in the form of irregu- 
lar warts or scales. Footstalk short. Spores elliptic oblong, 
smooth. 

North and South Carolina, ‘upland and deadwood”’ ( Curtiss). 

Although Morgan considers the species as synonymous with J. /ut¢escens, 
it appears to differ in its uniformly smaller size and ill-developed footstalk, 
as well as by its different color and the peculiar mode of rupture of its exoper- 
idium, which remains attached in scale-like fragments all over the surface of 
the endoperidium, the Herb. Curtis specimens agreeing in this respect with 
those of Berkeley as figured by Massee, while the smaller smooth spores 


described and figured by the last named writer would constitute an additional 
point of difference. 
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In closing I wish to take this opportunity to acknowledge my 
indebtedness to Dr. Thaxter for the very great assistance which 
he has rendered me in preparing this paper. 


CRYPTOGAMIC LABORATORY, 
HARVARD UNIVERSITY. 
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EXPLANATION OF PLATE XIX. 


Calostoma lutescens. 
Fic. 1. Gross habit drawn from dried specimens. 
FiG. 2. Three spores showing ordinary variation in size. Obj. J. oc. 4. 
Calostoma cinnabarinum. 

F1G. 3. Gross habit after disappearance of volva and exoperidium ; frag- 
ments of the latter (c) still remaining; @, mouth; 4, endoperidium; d, foot- 
stalk. 

Fic. 4. Specimen from which the volva has been partly removed through 
deliquescence. The exoperidium is shown splitting from the base upward. 

Fic. 5. Section through a portion of the gleba showing the rudimentary 
capillitium (a) extending inward from the wall of the spore sac (4) and form- 
ing loose strands between the lobules of fertile hyphz (the latter are not 
shown in the figure). Obj. A. oc. 4, Zeiss. 

Fic. 6. Semi-diagrammatic section through the base of a young speci- 
men; a, endoperidium extending downward to form the strands of the foot- 
stalk (4), which encloses cavities (c) and portions of the granular layer of 
the exoperidium at d, ¢, exoperidium ; f, volva. 

Fic. 7. Kudimentary capillitium showing superficial thickenings (a), 
clamp connection and septum (4). 

Fic. 8. Portion of primary hypha showing the oblong cells (a) and sec- 
ondary hyphe (4), which later bear the basidia; c, wart-like projections from 
primary hypha. ; oil, oc. 4. 

F1G. 9. Five basidia with developing basidiospores. Obj. J. oc. 4. 

Fic. 10. Three spores; a, optical section showing striation of wall. Obj. 
JOC. 4. 
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BURNAP on CALOSTOMA. 














BRIEFER ARTICLES. 


DEFINITENESS OF VARIATION, AND ITS SIGNIFICANCE 
IN TAXONOMY.* 


In descriptive and systematic botany we have just two things with 
which to deal, types and variants. The types are the comparatively 
absolute standards by which we measure the variations ; but the variants 
occupy most of our attention. The type is the one fixed point for 
each species, while the limitations which we fix for the species repre- 
sent the extent of possible (permissible) variation from the type as 
determined by our arbitrary species measure. The ideal way to study 
systematic botany would be to keep the types always before us, and to 
describe each specimen by computing its variation from this or that 
type. This is, in fact, what critical study amounts to. In other words, 
the systematist is always measuring and classifying variations. If, 
therefore, definite lines of variation can be traced, it ought to be a 
matter of great convenience. 

The two opposing schools of evolutionary philosophers are divided 
at present as to whether variations actually do occur in definite direc- 
tions or not. But even Weismann?’ wrote in 1875, perhaps before he 
was so strongly confirmed in his present position, ‘“‘the evolution of 
the species of Deilephila shows that the evolution of the marking fol- 
lows throughout a certain law; that it proceeds in all species in the 
same manner. All species seem to steer towards the same point, and 
this gives the impression that there is an internal law of evolution 
which, like an impelling force, determines the future phyletic modifi- 
cation of the species.” 

The Neo-Lamarckians are very positive on this point. Eimer? 
says “I have, from the zoological standpoint, pointed out and emphat- 
ically maintained that the variation of species takes place, not in all 
directions irregularly, but always in definite directions; and indeed in 

‘Condensed from address before the Vermont Botanica! Club, February 6, 1897. 

? Quoted by Eimer, Organic Evolution, Eng. Ed., 73. 

3Dr. G, H. Theodor Eimer, Organic Evolution. 
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any given species at a given time in only a few directions.” Nageli 
also asserts that “‘the transformation of varieties, species, genera, and 
families, is effected in definite directions, toward greater perfection, 
that is, toward greater complexity. Forms grow as it were toward 
greater perfection. This principle is of a mechanical nature, and con- 
stitutes the law of the persistence of motion in the field of organic 
evolution. Once the motion of evolution is started it cannot cease, 
but must persist in its original direction.” Cope* takes advanced 
ground on this question. He says “variations are not promiscuous or 
multifarious, but are of certain definite kinds, or in certain directions.” 

So much for the philosophers. What are the facts? Every 
botanical variety represents with greater or less accuracy some definite 
line of variation from a specific type. Thus Amérosia trifida L., of 
which the type has large, deeply three-lobed leaves, tends constantly 
to vary toward ovate or oval, undivided leaves, especially in the upper 
parts and in small plants. The most conspicuous of these variants 
constitute the variety ¢vtegrifolia of Torrey and Gray. Aster diffusus 
Ait. is described as ‘more or less pubescent ;” but those which are 
much “more pubescent” make up Gray’s variety, Azrsuticaulis. The 
common ox eye daisy, Chrysanthemum Leucanthemum, is notably vari- 
able, but the variations are principally in a few quite definite direc- 
tions, the commonest being toward tubular or laciniate rays. 

In horticultural botany we have still better opportunities of observ- 
ing similar facts. A very striking case of variation in definite 
directions was worked out during the fall of 1896 by one of my 
students, Mr. V. A. Clark, in the case of Coreopsis tinctorta Nutt. This 
western composite has been widely introduced in gardens. French 
and German seedsmen offer many selected named varieties, most of 
which are sold in mixture by American dealers. These varieties, 
being well represented on our grounds, were suggested to Mr. Clark 
for study and classification. It could hardly have been an accident 
that the varieties, after careful study and quite without knowledge of 
any theory of variation, should have all fallen into one series. In 
this species the rays are yellow with a very small but variable maroon 


base. In the varieties this maroon marking constantly encroaches 
upon the yellow, until in extreme forms it quite supersedes the body 
color. One is given the impression that the maroon overlays the yel- 
low in this extension ; and this is progressively indicated by the very 


4E. D. Cope, Primary Factors of Organic Evolution 22. 
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definite course of evolution in the marking of the under side of the 
ray also. For on the under side the brown appears first in the thinner 
portions of the ray, and last on the thick veins. It is as though the 
brownish pigments were spread first over the upper surface and sub- 
sequently increased in depth, first showing through in the thin areas. 

Precisely the same series was later constructed from blossoms of 
the commercial Freesta refracta alba grown in our greenhouses. In 
this case we have a reversion from the highly selected white type. But 
the appearance of an orange yellow spot at the base of the upper petal 
and its extension over first the inner surface, and secondly its appear- 
ance on the backs of the petals, followed the same definite lines as 
those already studied in Coreopsis tinctorta. In this case sections were 
made through petals from various blossoms in the series. In the first 
appearance of yellow pigment it was confined to a single layer of sub- 
epidermal cells, and was from here subsequently propagated through 
the intermediate cells to the under surface of the petals. 

This centrifugal encroachment of a darker upon a lighter color in 
blossoms is one of the commonest lines of definite variation. In 
Lepachys columnaris Torr. and Gray it gives the variety pulcherrima 
Torr. and Gray. In the florists’ Primula Chinensis it gives the beauti- 
ful “‘Schwarzaugen” varieties of late German catalogues. With more 
or fewer exceptions the same method governs the variations in mark- 
ings of marigolds, verbenas, phloxes, poppies, pelargoniums, irises, 
and dozens of other species and genera which will readily occur to the 
gardener. 

It is quite remarkable that any given lot of variations should hap- 
pen to fall into one continuous series; and this becomes of still 
greater importance when found to hold true with groups of highly 
cultivated and severely selected plants, like the Coreopsis and Freesia 
cited. It is no longer final to say that variations “are as definite as 
the changes in environment are, which determine and control their 
existence,’> for the gardener seeks variations in all directions, and 
inasmuch as he controls both environment and selection, he will pre- 
serve and augment whatever variations nature may give him. If, in 


such cases, variations are to be systematized with comparative ease, a 


careful study along similar lines ought to give some clue to a better 
understanding of troublesome variations in many of our unstable wild 
species.—F. A. WauGn, University of Vermont. 


5L. H. Bailey, Survival of the Unlike 23. 
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ALG EXSICCAT. 

Parts 26-29 (nos. 1201-1400) of “Alge ague dulcis exsiccate 
precipue scandinavice, quas adjectis algis marinis chlorophyllaceis et 
phycochromaceis distribuerunt Veit Wittrock, Otto Nordstedt, G. 
Lagerheim,” are now published. The following botanists have given 
most valuable aid by sending algz from different parts of the world 
and by the determination of critical species: J. Anechavaleta, S. Berg- 
gren, K. Bohlin, F. Bérgesen, O. Borge, E. Bornet, A. le Dantec, F. 
Elfving, Ch. Flahault, M. Foslie, M. Gomont, P. Hariot, K. E. Hirn, 
F. Hy, G. Istvanff, F. R. Kjellman, L. Kolderup-Rosenvinge, C. A. M. 
Lindman, A. Léfgren, G. Malme, C. Ostenfeld-Hansen, W. Schmidle, 
B. Schréder, W. A. Setchell, and N. Wille. 

These four parts contain alge from Sweden, Norway, Spitzbergen, 
Finland, Denmark, Germany, Hungary, Austria, Switzerland, France, 
United States of America, West Indies, Columbia, Ecuador, Brazil, 
Paraguay, Uruguay, Japan, Asia Minor, and New Zealand. 

The following genera, species, and varieties are new to science: 
Chetobolus lapidicola Lagerheim, Cladophora basiramosa Schmidle, 
Celastrum proboscideum Bohlin, Cosmarium spherosporum Nordst. var. 
strigosum Nordstedt, Loefgrenia anomala Gomont, @dogonium Lands- 
borought (Hass.) Kiitz. var. robustum Wittrock, @. Lindmanianum Witt- 
rock, @. wlandicum Wittr. var. subpyriforme Wittrock, @. Wittrockia- 
num Hirn, Spirogyra Malmeana Hirn, S. tubderculata Lagerheim, and 
Trochiscia sanguinea Lagerheim. 


The diagnoses of the new American species are as follows: 

Coelastrum proboscideum Bohlin, nov. spec.—C. coenobiis vel tetraé- 
dricis e 4 cellulis, vel cubicis e 8 cellulis compositis, diam. 1o—21 p; 
cellulis e vertice visis trigonis apicibus abruptis cohzrentibus, extrorsum 
in processus singulos truncatos productis, membrana levi, 4-11 @ longis 
5-13 m latis; interstitiis coenobiorum tetraédricorum trigonis, cubi- 
corum tetragonis. 

Aequatoriz in scrobiculo rupis ad Agua clara provinciz del Guayas 
1891; legit G. Lagerheim. 


LEFGRENIA Gomont, nov. gen.—Planta myxophycea, filamentosa. 


Trichomata evaginata, basi affixa, pilifera, in parte inferiori passim 


ramosa, ramificatione vera. Heterocystz null. Hormogonia et spore 
usque adhuc ignota. 
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Lefgrenia anomala Gomont, nov. spec.— Cespites extensi, zeruginei, 
vix millimetrum alti. Trichomata subrigida, inferne 2—4 mp crassa, e 
basi decumbenti et arcuata adscendentia, in pilum sensim ac longe 
attenuata, ad genicula eximie constricta; articuli prelongi, 12-24 p 
zequantes. 

Brasilie ad Sto. Amaro provincie Sao Paulo Batrachosperma 
aliasque plantas submersas investiens; legit A. Lofgren. 


OEDOGONIUM LANDSBOROUGHI ( Hass.) Kiitz. 8 robustum Wittrock, 
nov. var.—Var. cellulis vegetativis crassioribus et brevioribus ; oogoniis 
minus inflatis ; oosporis oogonia complentibus ; 
crassit. cell. veget. plant. femin. 4o—51 p, altit. 2—4 plo majore; 

‘*  oogoniorum 62—70“ “ 84—I109 p; 

**  oosporarum 60—74  “ 78-—100 p. 

Varietas hec locum intermedium inter Oc. Landsboroughi a et Oe. 
mexicanum Wittr. et Oe. amplum Magn. & Wille tenere videtur. 
Pithophora spec. alizeque alge immixtz sunt. 


Brasilia, in fossa aque dulcis in insula Ilha dos Marinheiros prope 
oppidum Rio Grande civitatis Rio Grande do Sul 1892 (Exped. Reg- 
nell. Ima. Alg. no. 25); legit G. A. Malme. 


Oedogonium Lindmanianum Wittrock, nov. spec.—Oe. dioicum nan- 
nandrium idiandrosporum ; oogoniis singulis, suboboviformi-globosis 
vel subglobosis, poro foecundationis superiore apertis ; oosporis oogonia 
fere complentibus, globosis vel subglobosis, echinis subuliformibus 
crebris; cellula suffultoria eadem forma ac cellulis vegetativis ceteris ; 
androsporangiis 3~—7 cellularibus; nannandribus subrectis, in cellulis 
suffultoriis sedentibus, spermogonio exteriore, unicellulari ; 
crassit. cell. veget. plant. femin. 25—30 yp, altit. 134—4 plo majore; 

7" = 3 *“‘ androsp. fer.22—25 “ “ 2—4 plo “ 
oogoniorum 46—57 “ 
oosporarum (cum echin.) 45—56“ “ longitud. 

echinorum “ 


iad 


“ 


androsporangiorum 22—24 p, altit. 
stipitis nannandrium 14—15‘“ “ 
spermogoniorum a” 


Species ad Oe. echinospermum Al. Br. affinis. Differt imprimis poro 
foecundationis oogoniorum in parte eorum superiore (non mediana) 
sito. Oosporas submaturas aculeis destitutas szpius vidimus. 
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America australis: Paraguay prope Paraguari 1893 (Exped. Reg- 
nell. Ima. Alg. no. 90); legit C. A. M. Lindman. 


Oedogonium Wittrockianum Hirn, nov. spec.—Oe. dioicum nannan- 
drium, idiandrosporum, oogoniis singulis, breviter oboviformi-globosis 
vel subglobosis, poro foecundationis in superiore parte oogonii sito 
apertis ; oosporis globosis oogonia non plane complentibus, exosporio 
echinis conicis, spiraliter dispositis ornato, spiris 5—7, interdum anas- 
tomosantibus; cellulis suffultoriis eadem forma ac cellulis vegetativis 
ceteris ; androsporangiis 1-5—?-cellularibus ; nannandribus in cellulis 
suffultoriis sedentibus, stipite subrecto ; antheridio 1—2 cellulari ; 


crassit. cell. veget. 38— ; altit. 2—3 plo majore ; 
5 > Be 3 ; 
“  oogoniorum 63—73 ° “ 68—75 Bp; 
‘“* —oospor. (sine acul.) 53—63 “ ‘“  55—67 “ 
“« cell. androsp. 36—38 “ “ t11—26 “ 
‘“* stip. nannandr. 1i—15 “ ‘ so—65 “ 
“cell. antherid. g—t10“% ‘“ 20—23 “ 


Species valde insignis, ad species echinosporas pertinens. 
America australis: Paraguay ad Paraguari 1893 (Exped. Ima Reg- 
nelliana. Alg. no. 81); legit G. A. Malme. 


Spirogyra Malmeana Hirn, nov. spec.—S. cellulis extremitatibus non 
replicatis, vegetativis diametro 2-5 plo longioribus; chromatophoris 
spiralibus ternis vel quaternis ; cellulis sporiferis non tumidis, plerumque 
abbreviatis; zygosporis [positione ut in Spirogyra variabili (Hass.) 
Kiitz. ] ellipsoideis vel rotundatis, apicibus attenuatis, cellulas sporiferas 
longe non complentibus, membrana triplici praditis, exosporio hyalino, 
levi, mesosporio irregulariter areolato, fusco, endosporio levi; crass. 
cell. veget. 67-88 mw; crass. zygosp. 50-60 p, long. zygosp. 70-83 p. 

Brasiliz in rivulo, in aqua fere stagnante ad Cuyaba civit. Matto 
Grosso 1894 (Exped. Ima Regnell. Alg. no. 104); legit G. A. Malme. 

—VeIT Wittrock, Stockholm. 


ALG IN THE SOLFATARA AT POZZUOLI, ITALY. 


DuRING several visits to the somewhat active crater known as the 
Solfatara my attention was drawn to the great quantity of dark green 
slimy material found on the sides of the deep trench which leads to 
the principal outlet for steam, commonly known as the Bocca. A 
cursory examination of the green substance showed it to consist of 
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diatoms and other unicellular alge in a thriving condition. I ascer- 
tained the temperature of the medium in which these organisms were 
growing and found it to range from 20° to 55° Centigrade. This is 
not remarkably high, but several circumstances in the environment 
seemed to me to be worthy of note. 

The whole surface of the wall on which the alge were flourishing 
was covered with freshly formed acid sulfate of aluminum. The 
steam which issues in large quantity from all the larger crevices in the 
rocks at a temperature of 100° Centigrade is highly charged with sul- 
fur dioxide and is said to contain considerable traces of arsenic in 
some form. So much vapor of sulfur is also contained in the exhala- 
tions that quantities of sublimed sulfur are to be found crystallized in 
delicate needles about all the crevices or fumaroles. In all cases the 
mixed alge are found growing up to the very orifices of these fissures, 
so that the plants are constantly bathed in the atmosphere just 
described and are constantly subjected to blasts of air and vapor at 
almost 100° Centigrade. 

I have made no attempt to identify the several species of diatoms 
present. Professor W. G. Farlow has determined the organism which 
constitutes the great bulk of the deposit to be Cvccochloris Orsiniana 
Meneghini.—J. Y. BERGEN, Pozzuolt, Italy. 











EDITORIALS. 


THE PROPOSITION to introduce into the Department of Agriculture 
at Washington a scientific chief seems to have set people to thinking 
about the generally unscientific organization of the 
A National scientific work supported by the United States govern- 
Scientific ment. In a communication to Sczence* Mr. Charles 
Department W. Dabney, Jr., discusses the need of a national depart- 
ment of science. Established as need appeared in con- 
nection with various departments, the scientific agencies of the gen- 
eral government have developed until they carry on work of great 
variety and extent, for which it appropriates annually nearly $8,000,000 
and employs over 5000 men. A great amount of duplication now neces- 
sarily ensues from the fact that by natural extensions of the work in 
charge of one bureau it often overlaps that of another. Coordination 
seems to be impossible because the bureaus and divisions are parts of 
different departments, and therefore under the control of different offi- 
cers. For example, there are three agencies carrying on land surveys, 
four prosecuting hydrographic work, and five independent chemical 
laboratories. 


THIS INDEPENDENCE means not only lack of coordination, but, 
generally, lack of cooperation. No one who is not familiar with the 
state of affairs in Washington understands how much jealousy and how 
little cooperation there is officially among these various bureaus and 
divisions. Apparently the more nearly related their work is, the less 
inclination there is to fraternize. This condition is not peculiar to 
Washington. It is only an exaggeration of the official jealousy that 
one too often finds between university departments that have “jest 
growed” instead of being adequately organized. 


FORTUNATELY we have comparatively little of the personal bicker- 
ing and even animosity which seems to be the rule in German scien- 
tific life, where no one is really satisfied until he has a Fetnd. 
Whether personal or official, all degrees of this feeling are phases of 


™N. S. 5 3:73. 15 Ja 1897. 
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selfishness and arise from a too keen appreciation of one’s own 
importance. It is fostered by official life, and in its extreme develop- 
ment becomes bureaucracy. 


THE REORGANIZATION of government scientific work under a single 
departinent would be a long step in advance. It can be effected so 
gradually as not to interfere with the present efficiency. It is not 
advocated as a panacea. It would not remove jealousy, but it would 
minimize its evil effects. If proper accommodations for the depart- 
ment were provided, it would save money for investigations by con- 
centrating routine work and enormously reducing the outlay for 
apparatus and fittings. It ought not to reduce the number of men 
engaged in investigation, but it might greatly reduce the number 
necessary for routine and office work. If reasonably administered 
such a department would not hamper but promote energetic develop- 
ment of research; it would not discourage but foster initiative in 
heads of divisions. In short the suggestion seems to have everything 
in its favor and nothing against it but pessimistic fears. If it were 
adopted as a policy by Congress and executed under the advice of 
the National Academy, we should expect to see the botanical work of 
the government promoted rather than retarded by the change. 


ANOTHER FLAGRANT case of ignorance of American research has 
just come to our notice. Indeed from the facts as they are at present 
known to us it would seem that it is not so much ignor- 


Neglect of ance as a deliberate ¢gvoring of American work. In the 
American present number is a notice of the investigations of Paul 
Research and Krénig upon the effects of salts and acids in dilute 


solutions upon bacteria. The effects are due in such 
cases largely to electrolytic dissociation of the substances and action 
of the ions thus formed. Paul and Krénig reached the same results, 
mutatis mutandis, as those reached previously by Kahlenberg and True 
in their researches with beans, and confirmed by Heald with other seed 
plants. Kahlenberg and True were the pioneers in this line of investi- 
gation. They published their results with almost complete details in 
this journal for August last. Immediately upon its publication a copy 
of this paper was sent to Professor Ostwald, under whose direction 
Paul and Krénig were working. This must have been in his hands at 
least two months before their paper went to press, and probably longer. 
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Moreover, other separates, calling attention to the main results of their 
work, had been sent by Kahlenberg and True some months earlier. It 
is scarcely conceivable that Professor Ostwald, who reads and speaks 
English fluently, was ignorant of their work; and it is equally incon- 
ceivable that he should not call the attention of Paul and Krénig to it. 
Not the slightest allusion is made by them, however, even in a foot- 
note or supplementary note, to indicate that there were any antecedent 
investigations of the same sort. To make it well nigh certain this was 
not ignorance but ignoring, it may be added that both Kahlenberg and 
True, neither of whom are personally known to Paul or Krénig, 
received from these gentlemen copies of separates of their paper. If 
the case is as it appears at present, it is not necessary for us to 
characterize such conduct. It declares itself at once unworthy of any 
man who lays any claim to the scientific spirit. 

IN THIS SAME connection attention is called to the “open letter” 
from Dr. Davis, published in the present number, and which he 
courteously styles ‘oversight of American publications.” Zukal’s 
“oversight” of Dr. Thaxter’s paper on Myxobacteriacez seems inex- 
cusable under the circumstances, as does also that of Migula. 

It is worth while perhaps to record a striking contrast to the neglect, 
not to say contempt, with which scientific work done outside the bounds 
of the German empire too frequently meets there. We have had occa- 
sion lately to examine with some care Ludwig’s Biologie der Pflanzen, 
published about a year and a half ago, and it is a pleasure to observe 
the full recognition which he gives to investigations bearing upon 
ecology in all countries, even in England, America, and Erance. 
Apropos of the present discussion it may be added that Migula might 
have found in this book (dated 1895) a good account of Thaxter’s 
Myxobacteriacezx, illustrated by copies of the original figures from 
this journal. 


WHEN THE BoranicaL GAZETTE first suggested the establishment 

of a laboratory in the American tropics, it referred to the well known 
establishment at Buitenzorg as an illustration of what 

The was intended by the suggestion. This seems to have 
Tropical led to some misunderstanding on the part of botanists 
Laboratory who pressed the illustration too far. By far the greater 
part of the Buitenzorg establishment has to do with 


economic problems, the facilities for research forming comparatively 
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a small part of the whole establishment financially. It is certainly 
true that the extensive economic outlay represents an important part 


of the facilities for research, but such outlay is not essential to the 
inauguration of facilities for research in the tropics. The use of 
Buitenzorg as an illustration had reference only to equipment for 
such scientific work as has brought that station into botanical notice. 
The suggestion of the GazeTTE, and, so far as we know, the thought 
of the commission, does not contemplate an extensive establishment, 
with permanent director and staff, but merely an opportunity to work 
in tropical surroundings. 











OPEN LETTERS. 


BROMUS SECALINUS GERMINATING ON ICE. 


To the Editors of the Botanical Gazette ;—In the summer of 1895, G. H. 
True brought into the botanical laboratory some cakes of ice taken from the 
margin or top of the mass in the ice house, where the straw came in contact 
with them. Among the rubbish were a considerable number of grains of 
oats, chess, and perhaps seeds of other plants. Right in contact with the ice 
were kernels of chess with plumules half to three-fourths of an inch long and 
roots, some of which were very nearly two inches long. Numerous roots of 
chess in their growth had penetrated the clear ice for most of their length by 
thawing small holes with a diameter about three times that of the roots. 
Some of the roots curved more or less, but were easily removed.—W. J. BEAL, 
Agricultural College, Mich. 


THE METRIC SYSTEM AND THE “ILLUSTRATED FLORA.” 


To the Editors of the Botanical Gazette :— Referring to your editorial in 
the February GAZETTE concerning the use of the metric system, in which 
you express your regret that it was not taken up in ///ustrated Flora, 1 sub- 
mit the following extracts from correspondence which will indicate our posi- 
tion in the matter. 


Regents Office, Albany, N. Y., Feb. 18, 1897 
Dear Professor Britton: 


The enclosed seems to me a just criticism, unless you have some 
special reason for sticking by the old measure, instead of using the metric 
I admire so much your book that I was sorry to see you using the old 
measures. Yours very truly, 

MELVIL DEWEY. 


New York City, Feb. 23, 1897 
Dear Sir: 
Dr. Britton has enclosed to me your favor of the 18th inst., with 
Professor Bessey’s notes from the Vaturalist on the metric system, and the 
omission of the ///ustrated Flora to adopt it. 

No doubt you are both quite right, looking at the subject from a scientific 
point of view alone. But the work, while intended to be as perfect as pos- 
sible within the necessary limits, had to be arranged partly in reference to the 
general public. The work is planned not only for professors and students, 
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vi 


but for plant lovers everywhere, and to stimulate interest in our flora among 
the people at large. The difficulties in comprehending the text, therefore, 
ought to be as few as possible. The adoption of the metric system would 
have added very sensibly to these difficulties, in matters of size, in which the 
unlearned are quite as much interested as the learned. Works depending on 
scientific patronage alone, and scientific publications by the government, may 
rightly adopt the metric notation; but the public at large, I think, can only 
be brought to it gradually, through the use of it in the primary schools. 
Very truly yours, 
ADDISON BROWN. 

A comparative tabulation of the metric and English units will be printed 
in the third volume of /é/ustrated Flora N.L. Britton, New York Botan- 
ical Garden. 


OVERSIGHT OF AMERICAN PUBLICATIONS. 


To the Editors of the Botanical Gazette :—The attention of botanists 
should be called to the following somewhat glaring oversight of an important 
botanical paper. In 1892 Dr. Thaxter‘' published a paper entitled “On the 
Myxobacteriacez, a new order of Schizomycetes.”” One would have sup- 
posed that such a title would itself have attracted general attention. His 
paper is very complete, basing the new order of Schizomycetes upon the 
description of the structure and development of eight species in three genera, 
and is very well illustrated. This important contribution does not appear to 
have been noticed by Hugo Zukal,? who has recently founded a new order of 
Myxomycetes apparently upon a form identical with one of the species 
included in Dr. Thaxter’s paper. As far as one may judge safely from a 
comparison of descriptions and figures, Zukal’s J/yxobotrys variabilis seems 
to be identical with Chondromyces crocatus B. & C. as described by Dr. 
Thaxter. 

In respect to the structure of the plasmodium-like condition, together with 
the structure and development of the cystophores (Sporentrager) and cysts 
(Sporen) we find some important differences in the results obtained by these 
two investigators. Zukal finds granular matter in the substance of the plas- 
modium stage and some of it in the form of rods, but he considers them all 
to be microsomata. When the cystophores are developed the “rod-like 
microsomata disappear and in their places are found numerous long 
threads.” Thaxter finds the pseudo-plasmodium to be made up of rod-like 
bodies whose' general structure “ together with their vegetative multiplication 
by fusion renders their schizomycetous nature as individuals a matter hardly 
to be doubted.” When the fructification is to be developed the rods swarm 

* Bot. GAZETTE, 17: 389-406, A/. 22-25. 1892. 

?Myxobotrys variabilis Zuk. als Reprasentant einer neuen Myxomyceten-Ord- 
nung. Ber. Deut. Bot. Gesell. 14: 340. 1896. 
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around certain centers, and moving upwards collect to form the cysts 
attached to the cystophore, which is largely made up of hardened secretion. 
The rods in the cysts may retain their simple vegetative character or they 
may form spores (Myxococcus). 

Zukal thinks it probable that a motile stage similar to the myxamoeba 
stage of Myxomycetes follows the germination of the cysts. Thaxter has 
followed the germination of the cysts in detail. ‘The mass of rods thus freed 
begins at once to vegetate, the individuals dividing rapidly and entering 
upon a new period of activity.” 

Zukal, in spite of the simplicity of the plasmodium without nuclei and 
only made up of granular matter (microsomata), thinks the form of fruc- 
tification sufficiently like some higher fungi (for example Botrytis) to hint 
a possible evolution of such forms from certain low types. Such evolution is 
to come about through epigenetic development embodying Lamarckian 
factors in an extreme form. 

Thaxter sees in the structure and development of the rods undoubted 
schizomycete characters which clearly place the Myxobacteriacee in that 
group of plants. But while the rods are individuals they nevertheless act 
together in a remarkable manner, under certain conditions, to form a fructifi- 
cation resembling in superficial features certain filamentous fungi. The 
pseudo-plasmodium of the Myxobacteriacez has a certain similarity to the 
plasmodium of Myxomycetes but the cytological differences are enormous. 

“In view of such important differences, the writer (Dr. Thaxter) would 
hesitate to assume even a remote genetic connection between two groups on 
a basis of resemblance which might well be purely accidental.” 

Perhaps in this connection it may not be out of place to inquire of Migula 
where he puts the Myxobacteriacee. No mention is made of the group in 
his account of the Schizomycetes to be found in Die Natirliche Pflanzenfa- 
milien. — BRADLEY MOORE Davis, University of Chicago. 


BIBLIOGRAPHY OF HYPONXIS. 


To the Editors of the Botanical Gazette:—1 have examined with interest 
the article of Mr. Holm in the February number of the GAZETTE on //yfoxis 
hirsuta, the original presentation of which I had the pleasure of listening to 
at the Biological Society of Washington a few months since. The article 
contains one feature which though essentially unimportant may, however, be 
misleading to some of your readers. I refer to the statement that the name 
Ornithogalum hirsutum of Linnaeus is a momen nudum, that is, a name 
which was never really published and which therefore is without standing in 
nomenclature. The evidence that Linnaeus’ name was not a xomen nudum 
is contained in Mr. Holm’s article; indeed, one could scarcely have secured 
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more conclusive evidence had that been the primary object of an exhaustive 
bibliographical research. It seems that before Linnaeus’ work appeared, the 
plant he called Ornithogalum hirsutum had been described and in some cases 
figured by at least six different authors, and that four of these descriptions 
and two of the figures Linnaeus cited when he published the name. This 
constitutes as clear a case of actual publication as it is possible to have, and 
by a method which has been practiced by botanists everywhere and at all 
times. All the species in Linnaeus’ Sfectes Plantarum were published in 
essentially the same manner. If one were to publish a statement of the main 
facts in the life of George Washington, citing the dates of his birth and 
death, the battles in which he was engaged, and the official records of his 
actions while president, and should conclude ‘‘therefore, in view of these 
facts, it is evident that George Washington is a myth,” he would not be 
drawing a more erroneous conclusion than Mr. Holm when he says that 
Ornithogalum hirsutum is a nomen nudum. 

If Ornithogalum hirsutum L.is not a nomen nudum, not only is it per- 
missible to retain the specific name when the plant is transferred to the genus 
Hypoxis, but under the rules it is mandatory to do so. It should be noted 
further that when Linnaeus in the second edition of the Species Plantarum 
placed this plant in Hypoxis, he cited first the Ornithogalum hirsutum of the 
earlier edition, followed by the same four citations he had used under that 
name, and no others. FREDERICK V. COVILLE, Washington, D. C. 


THE TROPICAL LABORATORY COMMISSION. 


: To the Editors of the Botanical Gazette :— The editorial reference to the 
finality of the decision of the tropical laboratory commission in the GAZETTE 
for February renders it proper to say that the commission is most willingly 
amenable to advice and suggestions and will welcome any assistance which 
will enable it to perform the duties it has undertaken, to the best advantage 
of all botanical interests. It may prevent misconceptions of the status of 
the commission and of the proposed laboratory, however, to state that the com- 
mission is a technically independent body, and that its decisions and action 


are not subject to revision by any existing organization, botanical or otherwise. 

The recent absence of the writer from his address and the extended 
delays in Atlantic mails will make it impossible to announce the foreign 
membership before the tour of exploration begins. 


In the course of the correspondence concerning the matter, letters have 
been received from a large number of botanists who have visited equatorial 
America. The following extract froma letter from Professor Goebel is a fair 
index of opinion concerning the nature and value of the proposed station : 

. “and without doubt it (the tropical laboratory) will be of the very 
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greatest importance to the science, and will give a strong impulse to the 
study of botany in America..... It appears to me particularly desirable 
that the laboratory should be placed near a botanical garden, because of the 
greater number of plant-forms available, besides the herbarium and library 
as well as the opportunities for experimental culture afforded. Furthermore, 
another important condition would be the location of the laboratory as near 
as possible to a primitive forest. This would be of especial importance in 
researches upon cryptogams. If at all possible the main station should be in 
the highlands, with a subsidiary laboratory in the lowlands or on the seashore 
for the study of algz, and the vegetation of tropical plains.” 

Professor Goebel furthermore advocates the selection of a locality easily 
accessible, and central to other areas offering advantageous conditions for 
research and exploration. So far as the general factors are concerned, 
botanical opinion seems united on the above points and the general policy of 
the commission as outlined in previous communications.— D.T. MAcDouGaL, 
University of Minnesota. 

















CURRENT LITERATURE. 
BOOK REVIEWS. 
The Desmids. 


Axsout thirty years ago Professor Otto Nordstedt of Lund (Sweden) 
began to study the Desmidiacezee. He has written some two dozen con- 
tributions to our knowledge of the group, among which should be men- 
tioned that upon the fresh water alge found by Mr. Berggren in New Zea- 
land and Australia. No one is better fitted than Mr. Nordstedt to undertake 
the laborious task of preparing the fine volume devoted to the bibliography 
of the group* which has been so long the object of his studies. One has but 
to consult the citations of certain authors, such as Archer, Ehrenberg, West, 
Wolle, etc., to be surprised at the exactness of reference to small notices 
which can be found with difficulty even in the greatest libraries, and at the 
diligence which must have been necessary to discover them. In the 
midst of such a vast number of citations the occasional omission of small 
notes or announcements of no great importance is not surprising, and detracts 
nothing from the notable merit of the work. Among these omissions are 
noted AGAssiz, L., The vegetable character of Xanthidium, Proc. Am. Ass. 
Adv. Sct. —:89-91. 1850; BENNETT, A. W., Movements of desmids, Am. 
Nat, 20: 379-380. 1886; HASTINGS, W. N., How to collect desmids, 4m. 
Micr. Jour. 13:113-116. 1892, and Zhe Microscope 12:147. 1892; HITCH- 
cock, C. H., Swarm spores of Closterium, Am. Micr. Jour. 3: 76-77. 1882; 
Petit, P., Preserving conferva and desmids, Jour. Roy. Micr. Soc., Am. 
Micr. Jour. 2:75. 1881, and Am. Jour. Micr.6:137. 1881; TURNER, W 
B., Staining desmids, Zhe Microscope 5: 275. 1885, Process for mounting des- 
mids, Jour. Roy. Micr. Soc., Am. Micr. Jour. 7:58. 1886; almost all of 
which are cited in Miss Josephine E. Tilden’s ‘A contribution to the bibli- 
ography of American alge” (J/inn. Bot. Studies, 1895). Not only are 
pamphlets and special notes included, but the larger works of Hassall, Del- 
ponte, Ralfs, Cooke, Kirchner, Wolle, and the reviewer are constantly cited 
with scrupulous exactness. The index, which the author is justified in call- 
ing “locupletissimus,” deserves high praise, and will certainly be of great 
service to all students of Desmidiace. Dr. Nordstedt is to be congrat- 
ulated upon the successful completion of this great work.—DrE Tont. 

* NORDSTEDT, C. F. O.—Index Desmidiacearum citationibus locupletissimus 
atque bibliographia. [Opus subsidiis et ex aerario Regni Suecani et ex pecunia 
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The appearance of Nordstedt’s Index is welcomed by all students of 
desmids as an exceedingly useful work. During his thirty years of work on 
the desmids the author has labored to keep up with the bibliography, and 
while the present index is not quite complete, bibliographers know how diffi- 
cult a thing it is to have access to every article published upon a subject so 
much written about. The index is, however, approximately complete, and 
one can gain a good notion of its fullness from the fact that about 1200 titles 
are listed. Over twenty exsiccatz are listed which contain desmids among 
other algz, in some cases the desmid numbers being given. The index 
proper includes families, genera, species, subspecies, varieties, and forms, 
arranged alphabetically, and the citations under each are arranged in chrono- 
logical order, giving abbreviated names of authors and titles of the 
work in which the species is mentioned, so that the entire literature of 
each species is indicated. Under each citation is indicated what the char- 
acter of the reference to the species is, as description, observations or 
notes, measurements only, name only, description of zygospore, figure of 
zygospore, other illustrations cited by number and plate. In the index there 
are about 24,000 such citations (under Botrytis alone about 180). All names 
are included in the index which would be needed in a study of the synonymy. 
Following the usual addenda is a chronological list of genera, and an alpha- 
betical list of species under the genera.—G. F. A. 


The African flora. 


THE flora of Africa has received lately a largely increased share of atten- 
tion, and our taxonomic literature is being flooded with descriptions of 
African novelties and monographs of various groups. One of the most prom- 
inent names connected with the African flora is that of Dr. Welwitsch, who 
was commissioned by the Portuguese government to explore their African 
possessions, broadly known as the province of Angola. In 1853 this explorer 
began his work, and in the face of tremendous obstacles in the way of sickness, 
difficulty of travel, opposition of natives, etc., spent seven years in the most 
unremitting labor. His herbarium is undoubtedly the best and most extensive 
ever collected in tropical Africa. The riches of his collections were indi- 
cated from time to time through his own publications and those of the vari- 
ous monographers to whom he submitted material. Permission was obtained 
from the Portuguese government to take his collections “to England and 
other northern countries”’ for study, and to this study he devoted the rest of 
his life, his death occurring in 1872. His name is familiar to every botanist 
as the discoverer of Welwitschia, so elaborately described by Sir Joseph 
Hooker. His enthusiasm as a collector may be inferred from his sensations 
Regiz Societatis scient. Holmiens. collatis editum.] 4to. pp. 310. Lunde, typis 
Berlingianis, 1896. (Borntrager’s, Berlin, S.W. M. 20.) 
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upon the discovery of this remarkable plant. It is said that ‘when he first 
realized the extraordinary character of the plant he had found, his sen- 
sations were so overwhelming that he could do nothing but kneel down on 
the burning soil and gaze at it, half in fear lest a touch should prove it a fig- 
ment of the imagination.” 

It is estimated that he reached London with more than 5000 species of 
plants. The bibliography of the collection shows 28 titles under the name of 
Welwitsch, and 61 titles under other names. At his death Dr. Welwitsch 
directed that the study set of his plants should be offered to the British 
Museum for purchase. The Portuguese government, however, claimed all 
of the collections, and demanded their delivery. This was resisted by 
Mr. Carruthers, then in charge of the botanical collections of the Museum, 
and Mr. Justen, of the firm of Dulau & Co. A suit in chancery was the 
result, and after long delays a compromise was reached in 1875, by which the 
Portuguese government was declared entitled to the collection upon condi- 
tion that they should give to the British Museum the best set, next after the 
study set, which was returned to Lisbon. Mr. W. P. Hiern was engaged to 
sort and separate the specimens, and this afterwards led to his being engaged 
to prepare a catalogue of this remarkable collection for publication, At this 
late day, therefore, the first part of this catalogue has appeared.? It contains 
a preface by Mr. George Murray, explaining the ownership of the collection 
and the conditions of publication ; a sketch of the life and labors of Dr. Wel- 
witsch; and an account of the dicotyledons through Rhizophoracez. It is 
the intention to complete the dicotyledons in Part II, and to include the 
remaining groups in a third and concluding part. 

It is useless to go into the details of a book containing such a mass of 
descriptions and notes. New genera and species abound, and the full notes 
give a very adequate notion of the relation of species, genera, and families 
to the vegetation as a whole. It is to be hoped that this exceedingly impor- 
tant publication will be carried to a speedy and successful conclusion. 
—J. M.C. 


Physiological wall charts. 


THE growing attention to instruction in plant physiology, even to ele- 
mentary courses therein, is showing itself in the production of means for 
illustrating such courses. It is not long since the series of wall charts by 
Frank and Tschirch appeared. They served a useful purpose for small lec- 
ture rooms, but were altogether too small for rooms.of any considerable size. 
Another series, composed of 15 plates, has just been published under the direc- 


? HIERN, WILLIAM PHILIP.— Catalogue of the African plants collected by Dr. 


Friedrich Welwitsch in 1853-61. Dicotyledons, Part I. 8vo. pp. xxvi-+ 336. Lon- 


don: Printed by order of the Trustees [British Museum]. 1896. 
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tion of Dr. L. Errera, professor in the University of Brussels, and Dr, E. 
Laurent, professor in the State Agricultural Institute at Gembloux.3 

These plates are of the same size as the well-known chartsof Kny. The 
figures are not so numerous on each plate as to make them too smail for ordi- 
nary lecture room, such as those seating 100-150, but for large halls they 
would be too small. To obviate this difficulty the publisher has arranged to 
furnish lantern slides in colors for those desiring them instead of the plates. 
The illustrations have been drawn from photographs of actual experiments, 
and particular pains have been taken to show the condition at the beginning 
as well as at the end of the experiment. The drawings are well executed 
and the plates are in every way commendable. 

In the accompanying text the authors have given a generally satisfactory 
account of the phenomena illustrated upon the plates. Though brief, these 
explanations are usually comprehensive and clearly stated. The 100 pages 
of quarto text with their 86 half-tone reproductions of many of the figures 
on the plates form therefore almost a text-book of physiology. The sub- 
jects treated and the corresponding plates are as follows: I, the chemical 
composition of the plant and nutrition by the roots; II, respiration; III, 
nutrition by the leaves; IV, transpiration; V, saprophytic and parasitic 
plants and fermentation; VI, Vil, carnivorous plants (Drosera, Dionza, and 
Nepenthes), and fixation of nitrogen by Leguminose; VIII, IX, growth 
of roots, etiolation, growth of stems in length and thickness ; X, geotropism ; 
XI, heliotropism; XII, XIII, twining and climbing plants; XIV, the move- 


ments of leaves and flowers; XV, the variability of species as illustrated by 
the races of cabbage. 


If all copies are printed on thin paper, as is that sent for notice, the 
plates would require mounting before they could be used safely as wall 
charts in the laboratory or class room. This, however, would not add very 
much to the cost, and the price at which the set is sold is certainly very 
easonable.— C. R. B. 


Grasses of North America. 


SucH is the title of Professor Beal’s work whose second volume has just 
appeared,‘ almost ten years after the first. This volume is noteworthy as it 
is the first attempt to bring together in a handy book all the grasses north 


?ERRERA, L. et LAURENT, E.—Planches de physiologie végétale. Quinze 
planches murales en couleurs. 70X85. Texte descriptif frangais, et explication 
des planches en francais, en allemand et en anglais. 4to. pp. 102. figs. 86. Bruxelles: 
Henri Lamertin, 20 rue du Marché au Bois. 1897. 50 francs. 

4BEAL, W. J.—Grasses of North America. Vol II. The grasses classified, 
described, and each genus illustrated, with chapters on their geographical distribution 
and a bibliography. 8vo. pp. viii+ 706. New York: Henry Holt & Co. 1896. 
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of Mexico, and includes also the Pringle and Palmer Mexican collections. 
‘To those of us who know of the professional duties of Professor Beal, this 
large volume comes with a measure of surprise. That he could find time to 
undertake, and had the persistence to continue the use of his fragments of 
time long enough to reach this result, speaks well for his devotion to the sub- 
ject. ‘The author has fully described in these pages g12 species, 809 of which 
are natives. About 160 new names occur, arising from various causes, forty 
of them being those of unpublished species, chiefly Mexican. 

Analytical keys are quite a feature of this volume, the author doing all in 
his power to facilitate the work of identification. The usefulness of keys 
must be tested by a somewhat wide range of use, so that no statement of Pro- 
fessor Beal’s success in this regard can be made in advance. 

Taking into consideration the shifting of opinions certain to occur during 
an active period of ten years, the author must have found it very laborious to 
adapt his work to every new statement of view that investigation proved 
worthy. It is to be expected that agrostologists will discover numerous things 
to which exception may be taken, but the writer has discovered, through pain- 
ful experience, that the making of a manual covering a large area, or a large 
number of groups, calls for such an immense amount of detail that many things 
are sure to escape notice until too late to remedy. Professor F. Lamson- 
Scribner’ has called attention to some of these with such detail as to make his 
notice useful as a permanent appendix to the volume. 

The book is a great boon to agrostologists, and will stimulate the study 
of a group neglected out of all proportion to its importance.—-J. M. C. 


A new text-book and dictionary. 


It seems evident that the elementary text-book of botany still remains to 
be written. The great development of morphology has tended towards 
excluding from our texts the larger relations of plants. Such taxonomy as is 
presented is of the sterile, pigeon hole kind, singularly free from evolution, 
morphology, ecology, geographical distribution, or anything else that gives 
taxonomy significance. Any indication that an elementary presentation of 
botany should include a consideration of plants as holding a definite place in 
nature, as occurring in societies that are determined by many external factors, 
as bound together by various genetic relationships, as consisting of organs 
which have an evolutionary history, should be hailed as the promise of better 
things. , 


Mr. Willis has prepared a book ® which should be so regarded. Its pri- 


5Science 5:62. 1897. 

®WILLIs, J. C.—-A manual and dictionary of the flowering plants and ferns. 2 
vols. 8vo. Vol. I, pp. xiv-+ 224. Vol. Il, pp. xiii + 429. Cambridge: The Univer- 
sity Press; London: C. J. Clay & Sons. 1897. 10s. 6d. 
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mary purpose was to provide a compact book which would contain a summary 
of useful and scientific information about the plants to be “met with in a 
botanical garden or museum, or in the field.””. The second volume carries out 
this idea, and is a regular plant dictionary, containing a vast fund of informa- 
tion concerning the morphology, taxonomy, ecology, economic value, etc., of 
plants, arranged in the alphabetical order of their Latin names. All of the 
classes, cohorts, and families are included, and several thousand genera, the 
more important divisions being treated fully. The second volume, however, 
necessitated the first, which is really a brief text-book. The topics treated, 
as well as the motive of their treatment is suggested by the subjects of the 
four chapters, which are as follows: outlines of the general morphology and 
natural history of phanerogams and ferns; variation, evolution, classification ; 
forms of vegetation, geographical distribution of plants, etc. ; economic bot- 
any. A cursory examination of the pages shows that the author has brought 
together the most recent views upon these various subjects, treating them in 
a broadly philosophical yet simple way. In the chapter upon forms of vege- 
tation and geographical distribution the author has used the same method of 
treatment as that of Warming in his Ecological plant geography, but had devel- 
oped it independently. From our point of view the first volume is more 
important than the more extensive and far more laborious second volume, for 
the latter is a compiled dictionary, exceedingly useful, but the former isa well 
presented suggestion of a more rational style of text-book. The work is one 
of the Cambridge Natural Science Manuals.— J. M. C. 


The physiology of reproduction, 


REPRODUCTION may be reckoned as the last and highest of the life-phe- 
nomena of any organism, marking the climax of its development and often 
the beginning of its decline. It is no wonder, therefore, that reproduction 
has been much studied, and that classification is so largely based on its struc- 
tures and phenomena. But most of this study has been devoted to an accumu- 
lation of facts regarding the morphology of the organs and the direct method 
of its accomplishment. Comparatively little is yet known of the physiology 
of reproduction, and almost nothing of the external conditions by which it is 
limited. 

Using the lower organisms as a starting point, Dr. George Klebs, professor 
of botany in the University of Basel, has attempted to penetrate this “dark 
world of reproduction,” as he calls it, and has succeeded, in the course of 
nine years of labor, in making some advance. This has been along the line 
of determining the conditions under which reproductive bodies, both spores 
and gametes, are formed. 

Enough has been accomplished for the author to plan a work “Ueber die 
Fortpflanzungs-physiologie der niederen Organismen, der Protobionten,” of 
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which the volume before us? may be considered as a preliminary special part. 
This part is limited to a detailed account of the behavior of certain alge and 
fungi under varied environment. 

In order to study some of these problems it was necessary to develop the 
methods of obtaining pure cultures of alge and maintaining them in vigor as 
well as purity, especially for those species which have no striking character- 
istics at certain stages by which they can be instantly identified. Both fluid 
and solid media can be used for cultures, and Klebs recommends that both 
methods be used simultaneously. As a nutritive medium fluid he finds Knop’s 
the best. It consists of 

4 parts calcium nitrate, 

I part magnesium sulfate, 

I part potassium nitrate, 

I part potassium phosphate. 


In preparing it a concentrated solution (#) may be made of the last three salts, 
and another (A) of the first. A*proper amount of 4 is to be added to # after 
dilution to the desired percentage. By this method only a small part of the 
insoluble calcium phosphate formed will be precipitated. Solutions containing 
0.2 too.5 per cent. of salts were found most useful. 

As solid media one may use either opaque or transparent materials. For 
the former sterilized sand or clay, wet with the nutritive solution, are excel- 
lent. For the latter Klebs, having discarded silicic acid, now uses agar-agar, 
prepared by soaking 0.5§™ agar-agar in 100°" of 0.2, 0.4, or even I per cent. 
nutritive solution, heating, filtering, and sterilizing. In making pure cultures 
of algze it is necessary to use the same precautions as are required with bac- 
teria and fungi. 

It is impossible to go into the details of the experimentation. Klebs has 
studied various species of Vaucheria, Hydrodictyon utriculatum, Protosiphon 
botryoides, Botrydium granulatum, several species of Spirogyra and Desmt- 
diaceae, Edogonium diplandrum, Ulothrix zonata, Hormidium nitens and H., 
flaccidum, Conferva minor, Bumilleria sicula and B. exitlis, Stigeoclonium 
tenue, Draparnaldia glomerata, Chlamydomonas media, Hydrurus foetidus, 
Eurotium repens, and Mucor racemosus. Each of these is the subject of a 
chapter in which the results of his extended experiments are set forth. To 
Vaucheria he devotes most attention as introducing the extent and methods of 
experimentation. Upon the sexual and non-sexual reproduction of these 
plants Klebs endeavored to determine the effect of such conditions as nutri- 
tion, moisture, light, temperature, chemical composition of the medium, oxy- 
gen, and flowing water. 

It is easy to see that the determination of the effect of each factor, when 

7KLEBs, GEORGE.— Die Bedingungen der Fortpflanzung bei einigen Algen und 
Pilzen. 8vo. pp. xvili+ 544. fl. 3. figs. 75. Jena: Gustav Fischer. 1896. JZ 18. 
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two or more must necessarily operate, is not at all an easy problem. Of some 
the effect seemed to be direct ; of others it was exceedingly complex, and it 
would be quite easy to quarrel with the analysis in some cases. With many 
species it became possible to produce the sex organs or the zoospores at will ; 
and in some species even to produce male or female organs in predominance 
by furnishing appropriate conditions. The volume is a monument of pains- 
taking experimentation, and, even though elaborate, by no means represents 
the amount of energy which has been expended upon the problems. 

We are promised the second part ‘somewhat later.’ It is to contain a 
general discussion of the physiology of reproduction, based upon the researches 
here set forth and upon the scattered statements to be found in literature. It 
will be welcome, and we sincerely hope that it may be doubly welcome because 
supplied with an index of its own, and also one for this volume which at pres- 
ent is wanting. It should be made a penal offense for a publisher to issue a 
book without a suitable index.—C. R. B. 


The Laboulbeniacee. 


WE welcome with pleasure the magnificent monograph of Dr. Thaxter® 
upon the Laboulbeniacee. It is not probable that any group of fungi has 
been honored within recent years with such thorough and detailed study as 
have these forms. The Laboulbeniacee are parasitic fungi living upon the 
bodies of insects, chiefly Coleoptera and Diptera. 

The paper describes and illustrates with 26 plates 152 species belonging 
to 28 genera, and of these less than 20 species bear the names of authors 
other than Dr. Thaxter. He may be said to have established this group as 
a very important family both in respect to its systematic position and because 
of peculiarities of structure and sexual reproduction that make it particularly 
interesting. 

Dr. Thaxter has adopted a system of nomenclature such that the names 
of the twenty-five new genera have the same endings. The results are pleasing 
and the continuance of the system is greatly to be desired as new genera are 
added. 

We also express the hope that Dr. Thaxter may be allowed to describe the 
new forms which may be expected to be found all over the world. There 
is every indication that the group will prove to be a large one and only by 
great care will it be kept free from the mass of synonyms that overwhelms 
so many groups of fungi. 

The Laboulbeniacee are very remarkable forms in many respects. They 
are highly specialized parasites living under peculiar conditions attached to 
the bodies of active insects. But they are chiefly interesting because they 


8 THAXTER, ROLAND.—Contribution towards a monograph of the Laboulbeniacez 
Mem. Amer. Acad. Arts and Sci. 12: 187-429. fl. 7-26. Dec. 1896. 
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are ascomycetes in which sexual organs are unquestionably present in the 
form of trichogynes that are fertilized by antherozoids produced in curious 
antheridia. 

The main body of the plant, termed the receptacle, is usually quite simple 
in structure. It consists of several cells and is attached by a disk-like base 
to the integument of the insect. This integument is pierced at the point of 
attachment, and the parasite probably draws much of its nourishment from 
the insect. However, there is no mycelium in the body of the host, and under 
the most favorable circumstances one sees only a few slight processes put forth 
from the basal cell of the receptacle. The hosts do not appear to be seri- 
ously affected by the presence of the parasite. On the top of the receptacle 
are found filamentous appendages of great importance systematically and 
structurally because they bear the antheridia. Lower down on the side of 
the receptacle is situated the procarp, a multicellular structure containing a 
carpogenic cell and bearing the trichogyne. 

After fertilization the carpogenic cell divides several times, and from cer- 
tain of the products are developed the asci. While the asci are being dif- 
ferentiated the sterile cells of the procarp are active in forming the wall of 
the perithecium. The latter is generally a flask-shaped receptacle, opening 
through a pore at the top, in many respects, resembling the cystocarp of cer- 
tain Rhodophycez. The ascopores are usually discharged in pairs from the 
perithecium and insects are probably infected through bodily contact with 
one another. One usually finds the plants growing in groups close together, 
a habit of great importance as it makes more sure the possibility of fertiliza- 
tion. In certain peculiar dicecious species one of the spores of the pair 
is smaller than the other and develops into a small male plant at the side 
of the female which may be ten times as large as the former. 

The antherozoids are very small bodies, frequently rod shaped, and are 
developed in peculiar flask shaped cells, the antheridia. The protoplasm 
lies in the bottom of the cell and the antherozoids are formed one after another 
and discharged through a constricted region into the neck of the flask. In some 
instances several cells discharge their antherozoids into a common cavity, and 
the structure is then termed a compound antheridium. Antherozoids may be 
observed in great numbers attached to trichogynes, but the cells are so small 
and the points of fusion so minute that observations upon the precise act of 
fertilization will be attended necessarily with the greatest difficulties. 

The trichogyne may be simple or very much branched. It may be a 


single cell or a very elaborate multicellular structure. In its most complex 


form it resembles a dense bunch of delicate filaments because of the numer- 
ous forkings. The ends of the filaments may become spirally twisted. 

The trichogyne is never directly attached to the carpogenic cell. In the 
simplest cases the two organs are separated from one another by a cell 











218 BOTANICAL GAZETTE 


. 


[MARCH 


which may be called the trichophoric apparatus. When the trichogyne is 
multicellular the point where the antherozoid fuses may be far removed from 
the carpogenic cell. The form of carposporic reproduction is therefore of a type 
similar to that of many genera of Rhodophycez (Callithamnion, Spermotham- 
nion, Griffithsia, etc.), 2. ¢., the stimulus of fertilization must be transferred 
through several cells before it reaches the carpogenic cell. It should be 
said that the cells of the trichogyne communicate with one another by 
strands of protoplasm, a fact also true of the cells of all other parts of these 
fungi and an interesting point of resemblance to the Rhodophycez. There is 
therefore open protoplasmic communication from the tips of the trichogyne to 
the carpogenic cell. 

However, it should be noted that this fact by no means solves the prob- 
lem of how fertilization is accomplished. Accepting the everywhere preva- 
lent view that fertilization consists in the fusion of two sexual nuclei, we 
must imagine the nucleus of the antherozoid to pass the length of the 
trichogyne from cell to cell, finally fusing with the female nucleus of the 
carpogenic cell. Sucha phenomenon, the writer believes, is entirely unknown 
in the plant or animal kingdom, and it is extremely difficult to conceive the 
mechanism by which a sex nucleus could pass through a series of nucleated 
cells. The high degree of specialization of the sexual organs indicates, how- 
ever, that sexuality is in an advanced state of differentiation in these forms. 

The discovery of such a remarkable sex process in the Laboulbeniacez is 
an important contribution to the rapidly accumulating mass of evidence 
proving sexuality to be present among the ascomycetes. The observations 
are of particular interest in connection with Stahl’s discovery of a trichogyne 
in Collema. Nevertheless it is manifest that we are far from a solution of 
the problems presented by the carposporic type of reproduction in the 
ascomycetes, although it is equally plain that the difficulties are not to be 


swept aside by a denial of sexuality after the fashion of Brefeld and his fol- 
lowers.——B. M. D. 


MINOR NOTICES. 


THE EXAMINATION of a set of Lichenes Boreali-Americani, now having 
reached 140 numbers, shows that the authors, Clara E. Cummings, Thos. A. 
Williams, and A. B. Seymour, are distributing material of the highest quality 
and from widely different localities. The first set, known as Decades of North 
American Lichens, and containing 210 numbers, was begun in 1892. In 1894 
the second set, known as Lichenes Boreali-Americani, was begun. It is to be 
hoped that the extensive distribution of these authentic sets will stimulate the 
study of a group to which too few botanists are giving serious attention. No 
effort to send out consecutively numbered sets has been made since Tucker- 
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man’s day. To make the distribution of the greatest value the active 
cvoperation of botanists is necessary, as extensive collections from different 
parts of the country should be in the hands of the authors. The subscription 
price for each decade is seventy-five cents, which may be sent to Clara E. 
Cummings, Wellesley, Mass.—J. M. C. 


It APPEARS like a relic of the ancient artificial systems to separate an 
“ arborescent flora”’ from the other plants of a country, but when the Division 
of Forestry prepares a work on nomenclature it has no choice in the matter. 
Mr. George B. Sudworth, dendrologist of the Division, has prepared an 
extensive bulletin? which presents the mass of synonymy that belongs to our 
arborescent plants and adds largely to it. It is coming to be apparent that 
laws of nomenclature, like most laws, are not so important as their inter- 
pretation, and that a code to be effective for uniformity must be followed up 
by rulings that will embrace the widest possible combination of conditions. 

Mr. Sudworth also seeks to unify the popular names, so that when a west- 
ern man calls upon New England for honey locust he will not get locust. 
Mr. Sudworth has been of great service in bringing together such a mass 
of references, a very necessary work, but one from which almost any botanist 
naturally shrinks. Whether he has associated these names properly or not 
in his synonymy remains for monographers to decide. The introduction of 
new varietal, specific, and generic names is the logical result of any such 
undertaking, but so far as they are expressions of individual judgment and not 
purely mechanical they do not lead to greater simplification of nomenclature. 
It is a question whether our knowledge of plants in general and their litera- 
ture will ever be so complete that even the majority of changes can be 
mechanical. But these are thoughts suggested by the problem of nomen- 
clature in general, and not by Mr. Sudworth’s work in particular, which shows 
a large amount of painstaking labor, and is certainly a valuable contribution 
to the bibliography of our arborescent plants.—J. M. C. 


THE REPORT of the Pennsylvania Forestry Commission has recently 
appeared. The commission consisted of two members, Mr. Wm. F. Shunk, 
an engineer, who discusses the water sheds and waterflow of the state and 


+ 


the relation of forest cover thereto, and Dr. J. T. Rothrock, botanist, who is 
responsible for much the greater part of the volume. The commission was 
charged with the duty of making a preliminary survey of the forestry 
interests of the state, and it has been succeeded by a well organized depart- 
ment, with Dr. Rothrock in charge of forestry. The report has for its object 

9 SuUDWORTH, GEORGE B.—Nomenclature of the arborescent flora of the United 
States. Bulletin 14, Division of Forestry, Department of Agriculture, pp. viii+ 419. 
January 21, 1897. 


© Report of the Department of Agriculture, Part Il. Division of Forestry. 1895. 
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the education of the people upon the relation of forests to waterflow and to 
soil conservation, the intrinsic value of forest products, and the importance 
of forest cover as a public resource. The discussions of these matters are 
clear and convincing, and they are so simply worded as to be within the com- 
prehension of every citizen. It is unfortunate, perhaps, that more complete 
data of existing forest areas, extent of forest fires and waste lands, are not 
furnished, but the time of the commission was limited, and all things con- 
sidered the report is calculated to fulfill its purpose. From the standpoint of 
the trained botanist the report contains little that is new or of special value, 
but the teacher of botany can find here a good example of the simplified 
treatment of his subject. Dr. Rothrock’s descriptions of the economic trees 
of Pennsylvania are given entirely in colloquial English, without recourse to 
technical terms, and in thus keeping constantly in mind the needs of his 
readers he proves himself a master of the art of popular instruction. As an 
instance of luminous treatment of a difficult group, his discussion of the oaks 
may be cited. There is a simple classification, an occasional forestal refer- 
ence that no mere book learned botanist could have given, but which appeals 
strongly to men who know trees from the woodman’s standpoint, and a set- 
ting forth of specific characteristics that is altogether praiseworthy. There is 
a lack of editing in several contributed articles that is unfortunate, in that it 
lowers the standard of the volume from the high plane of the compilers. 
The illustrations are numerous and noteworthy, since in themselves they tell 
the story of the forest and its enemies.—B. E. F. 


Dr. A. ENGLER has just published a study of the geographical distribu- 
tion of the Rutacez with relation to their systematic arrangement.” The 
contribution furnishes excellent argument and example for the pursuit of all 
taxonomic investigation with reference both to phylogeny and distribution. 
More than twenty years ago Dr. Engler began his exhaustive study of the 
Rutacez and allied families, but scarcely a year before the appearance of 
this recent publication he had prepared the treatment of the group which 
appears in the Pflanzenfamilien. In his earliest work upon the family the 
author emphasized the presence of oil glands as a character of much taxo- 
nomic convenience, pointing out that upon the basis of flower parts they may 
not be separated easily from the nearly related Geraniaceae, Zygophyllaceae, 
Simarubaceae, Burseraceae, and Meliaceae. Taking in order the sub- 
families Rutoideae, Toddalioideae, and Aurantioideae, and under each its 
further subdivisions, the chief portion of the paper is devoted to a treatment 
of dis:ribution by genera, from which the following grouping by distribution 
is made: (1) groups, especially Rutoideae-Diosmeae, and Rutoidex- 

™ Ueber die geographische Verbreitung der Rutaceen im Verhaltniss zu ihrer sys- 


tematischen Gliederung. Verlag der Konig]. Akademie der Wissenschaften, Berlin. 
1896. 
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Boronieae, which display a wide range of nearly related forms of limited dis- 
tribution; (2) groups, as Xanthoxyleae-Evodiinae in eastern Australia, and 
Xanthoxyleae-Decatropidinae in Mexico and West Indies, which show a con- 
siderable number of widely separated forms or genera confined to limited 
areas; (3) groups and genera possessing more or less numerous forms in 
widely separated localities ; (4) single groups and genera of few forms which 
occur in widely separated regions ; (5) certain isolated genera, as Spathelia, 
Chloroxylon, and Dictyoloma, whose derivation the author believes to have 
been from a stock distinct from that of the more widely distributed groups of 
Rutaceae. By means of color upon map outlines, three handsome plates, 
which accompany the text, graphically represent the distribution of par- 
ticular genera, and by elucidating the text add greatly to the comfort of the 
reader.—J. G. C. 


NOTES FOR STUDENTS. 


THE ALMOST simultaneous announcement of the discovery of spermato- 
zoids in Ginkgo biloba and Cycas revoluta® is one of the most startling 
botanical announcements of recent years. The work of Ikeno upon Cycas 
revoluta, begun three years ago, attracted attention from his announcement 
of a distinct ventral canal cell,"* the existence of which was in doubt. These 
various announcements, however, are very brief and are but preliminary to 
the full illustrated papers which will be awaited with great interest. 

In the case of Ginkgo biloba Hirase has observed the following facts: 
The pollen grain consists of two prothallial cells and the tube cell, the latter 
developing a much branched tube, the branches of which spread out over the 
surface of the thin nucellus cap. The innermost of the two prothallial cells 
enlarges and divides to form the stalk and generative cells. The generative cell 
then divides and the two daughter cells form motile spermatozoids, instead of 
the customary non-motile male cells. The spermatozoids are egg shaped, 
49 X 82y, and have a central nucleus completely surrounded by cytoplasm. 
The head consists of a three-coiled spiral with numerous cilia, and a pointed 
tail was also observed. Within the nucellus above the archegonia there is 
an abundant liquid, probably secreted by the archegonia, in which the 
spermatozoids were observed to swim about with a rotating motion. 

In Cycas revoluta \keno obtained almost identical results. The sperma- 
tozoids are a little larger than those of Ginkgo and the head is a spiral with 
four turns bearing numerous cilia. The production in each pollen tube of 

12S. Hirase (Tokyo) in Botanical Magazine, Oct. 1896, and in Bot. Central. Jan. 
14, 1897. 

3S. Ikeno (Tokyo) in Botanical Magazine, Nov. 1896, and in Bot. Central. Dec. 
30, 1896. 

4 Bot. Central. 33:193. 1896. 
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two spermatozoids by the division of the generative cell was also confirmed. 
Ikeno’s work was entirely upon fixed material, so that he was unable to fol- 
low the motion of the living spermatozoids as Hirase had done, but he is 
sure that the spermatozoids reach the egg by swimming, as at the time of 
fertilization a large amount of water was observed between the cap cells of 
the nucellus and the necks of the archegonia. 

This discovery of a close association of ginkgo and the cycads is but con- 
firmatory of what has been long suspected, as the former is too exceptional 
among the conifers not to have attracted attention, and more than one 
morphologist has suggested that it was a small-leaved cycad, rather than an 
anomalous conifer. Such confirmation, however, while it would have been 
notable enough under ordinary circumstances, is far eclipsed in importance 
by the discovery of the association of siphonogamic and zoidiogamic fertiliza- 
tion. One of the most important barriers between pteridophytes and sperma- 
tophytes is thus broken down, and the transition to siphonogamic fertiliza- 
tion brought out with almost diagrammatic clearness. The further interest- 
ing fact is noted that in these two forms the pollen tube does not reach the 
archegonium, and hence motile spermatozoids are necessary. The general 
primitive character of these forms must be remembered, so that it. need 
not be expected that such a condition of fertilization will be found exten- 
sively present among the gymnosperms.—J. M. C. 


THE IMPORTANT OBSERVATIONS of Professor Harper on “The Develop- 
ment of the perithecium in Spherotheca Castagnet”’ 5 have been supplemented 
and extended by his studies on the development of the perithecium of 
Erysiphe, which, together with further observations on Sphzrotheca and on 
Ascobolus, form the subject of his more recent and very interesting paper, 
“Ueber das Verhalten der Kerne bei der Fruchtentwickelung einiger Ascomy- 
ceten.”*© After giving a brief summary of the literature relating to the 
sexuality of the ascomycetes, the writer reviews and extends his previously 
published account of the development of Sphzerotheca, and then describes 
the corresponding phenomena observed in £rysifhe communis. In this 
genus, as in Spherotheca, the perithecium originates from two branchlets, 
derived from different hyphz, the one oogonial, the other antheridial. The 
tips of these branches become separated by septa to form each a terminal 
cell, the smaller (antheridium) applying itself closely to the larger (oogonium). 
As a result of the absorption of the intervening walls an open communica- 
tion is then formed between these two cells through which the single nucleus 
of the antheridium makes its way into the oogonium, where it unites with the 
nucleus of the latter. The stalk cell which bears the oogonium then produces 





5 Berichte d. Deutsch. Bot. Gesell. 13:67. 1895. 


6 Prings. Jahrb. f. wiss. Bot. 29: 655-685. 1896. 
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terminally a layer of branches which grow up around it, and presently 
between this layer and the oogonium or carpogonium at least one more 
layer is similarly produced, these layers by further growth and branching 
forming the resultant perithecial wall. The changes which take place in the 
oogonium differ in many respects from those which occur in Sphzrotheca. 
The fusion nucleus divides repeatedly until there are from five to eight 
nuclei in the carpogonium, which has in the meantime become elongate and 
somewhat bent. Through the formation of transverse septa the latter organ 
then becomes converted into a series of superposed cells, each containing a 
single nucleus, except the penultimate, in which there are always more than 
one. This penultimate cell constitutes the ascogonium, which gives rise from 
all parts of its surface to ascogenic hyphe. The ascogenic hyphz then divide 
to two or three cells, and of these one, which is always intercalary, yrows 
directly to form the ascus, five to eight of which eventually mature. The 
cells of the ascogenic hyphz which are destined to form asci are distinguished 
by the fact that they contain two nuclei that ultimately unite to form a fusion 
nucleus which presently divides to form the ascospores. 

The author, in addition to further interesting observations on Erysiphe 
that cannot here be mentioned, also gives an account of the development of 
Ascobolus; which, however, from the fact that no very early stages were 
observed, leaves the question as to the presence or absence of a sexual union 
in this instance still an open one. The formation of a fusion nucleus in the 
young ascus was determined, and interesting details are presented concerning 
the structure and nuclear characters of the carpogonium. The paper, which 
is clearly written and refreshingly concise, closes with a suggestive discussion 
and comparison of the phenomena above mentioned in connection with some 
of the more recent theories respecting the sexuality of the higher fungi, and 
it need only be noted here that the author is not inclined to admit the sexual 
nature of the nuclear fusions which immediately precede spore formation in 
sO many cases among these plants.—R. T. 


THE INTERRELATIONS of the different sciences is well illustrated in the 
advance that has been made in our knowledge of the action of chemical sub- 
stances on living protoplasm from the physico-chemical standpoint. From 
this point of view, Paul and Krénig” have contributed an exceedingly valuable 
article on the effect of different chemicals upon plant life. The general 
trend of the paper follows the lines that have recently been developed by 
Kahlenberg and True,” although no reference is made to the pioneer work 
done by these American investigators who worked upon green plants. 

As the bacterial spore is not affected by plasmolysis Paul and Krénig find 


7 Zeit. f. phys. Chemie 21: 414. 1896. 
® Bor. GAZ. 22: 81. 1896. 








224 BOTANICAL GAZET7£ [MARCH 


these structures better adapted to their purpose than the vegetating cells, 
Exposure of the bacteria to the action of the desired chemical is made by 
immersing in a solution of definite strength small garnets of uniform size that 
have previously been coated with a film of an infected solution. After a 
definite exposure, these are removed and replaced in nutrient media. The 
intensity of chemical action is noted by the development of the cultures. 

The explanations that have been offered to account for the action of dif- 
ferent chemicals upon living matter have been far from satisfactory. The 
whole subject is in a chaotic state, and while we possess sufficient empirical 
knowledge to enable us to arrange chemical substances in order of their effec- 
tiveness, no underlying principle has yet been brought to light that coordi- 
nates the enormous mass of facts that have been collected within recent years. 
While in strong solutions it is undoubtedly true that the destructive effect of 
certain chemical substances is due to their corrosive or oxidizing properties, 
whereby the protoplasm is actually destroyed, there can no longer be any 
doubt, from the results here obtained, that in dilute solutions, the action of 
the molecule is largely dependent upon the dissociation that it undergoes in the 
solution. Paul and Krénig find by using solvents such as ether and absolute 
alcohol that do not permit dissociation of the salt into its constituent ions, 
that its toxic effect is slight; whereas if the salt is separated into the basic 
and acid ions, even in part, as in dilute watery solutions, its action is much 
more marked. In a number of instances where the disinfecting effect of a 
salt is diminished by the addition of other substances, as HgCl, in contact 
with NaCl, they find the explanation of these results in the formation of com- 
plex ions in which the actively disinfecting ion is not free to exert its toxic 
effect. Thus, while silver and gold salts, as AgNO; and HAuCl, are power- 
ful germicides, their action is greatly weakened when mixed with KCy. 

The remarkable observation made by Scheurlen”? that the effect of phenol 
is increased by adding such a salt as NaCl, they are able to confirm, but, in 
the light of this theory, they are unable to explain it. The application of 
this new theory to the action of chemical substances on bacteria is most sug- 
gestive as it brings a large mass of isolated facts under the operation of a 
general law.— H. L. RUSSELL. 


THE ORGANIC NUTRITION of green plants has just been considered by Th. 
Bokorny.” He suggests that the ability of fungi to use organic food is not to 
be considered peculiar to them. We know that many cells in a green plant 
are always nourished with organic substances. Only in the leaves and a 
small part of the stem is chlorophyll present and only in these parts can CO, 


'9 Die Bedeutung d. Molekularzustandes d. wassergelésten Desinfektionsmittel f. 
ihren Wirkungswert. Strassburg, 1895. 

°° Ueber die organische Ernahrung griiner Pflanzen und ihre Bedeutung in der 
Natur. Biologisches Centralbl. 17 : 1-20, 33-48. 1897. 
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be assimilated. All other cells of the plant must use as food such substances 
as sugar, asparagin and amides from which to construct cellulose, starch and 
protoplasm. 

A large number of cultures were made to determine whether plants could 
use organic food. Weak solutions of various acids, alcohols, aldehydes, 
ketones and amido-compounds were employed. Since free acids are always 
poisonous they were neutralized with milk of lime. Except where the com- 
pounds employed were active poisons, almost none failed to be, to some 
extent, assimilated. 

The author gives in condensed tabular form the results of his own work 
and that of other investigators. Some organic compounds can be used only 
in presence of light and assimilation is aided by light in all cases. Such sub- 
stances as peptone, glycerin, asparagin and sugar in which fungi grow luxu- 
riantly are also suitable as food for green plants. 

Of ,great interest is the successful artificial culture of green plants with 
amido compounds such as asparagin, leucin, tyrosin, glycocol, etc., since 
these products of proteid decomposition are often present naturally in the 
soil. It has been definitely shown that asparagin can furnish nitrogen for 
the formation of proteids and in some cases plants thrive better if provided 
in this way than when obliged to obtain nitrogen from nitrates of the alkali 
metals. 

The significance of the use by plants of organic matter is not to be under- 
rated. Plants thrive better when furnished with such food. Decomposition 
products are taken up by plants and thus removed from the soil. Rivers, 
polluted with sewage, undergo, by means of the vegetation they contain, a 
continual self purification. 

Many carbon compounds can be assimilated by green plants in the dark. 
A preliminary splitting of the molecule into CO, and H,O does not occur, for 
the assimilation of CO, takes place only inthe light. The author is inclined 
to agree with the hypothesis of O. Loew that from all organic substances used 
as food the molecular group CHOH is produced, and either with the aid of 
ammonia proteids are formed, or without such assistance carbohydrates are 
developed. In support of this theory he adduces the fact, proven by experi- 
ment, that such compounds as contain the group CHOH ready made are 
most readily assimilated. Further investigation on this point is very much 
needed.— FRANCIS RAMALEY, University of Minnesota. 
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Dr. CARL MEz has been called to a professorship of botany at the Univer- 
sity of Breslau. 


THE Kew Bulletin for January contains a complete list of Kew publica- 
tions from 1841 to 1895 inclusive. 


THE DEATH of Professor Dr. Alexander Batalin, director of the Imperial 
Botanical Garden at St. Petersburgh, is announced. 


Dr. WLADISLAW ROTHERT, Privat docent, has been called to the assist- 
ant professorship of botany in the University of Kazan. 


PROFESSOR L. H. PAMMEL has distributed his first fascicle of Iowa plants. 
The others will be distributed as soon as the material is ready. 


Dr. CONSTANTIN VON ETTINGSHAUSEN, until 1896 professor of botany 
and paleontology in the University of Graz, died on the first of February. 


DURING THE YEAR 1896 the Royal Gardens at Kew were visited by 
1,396,875 persons, the largest attendance upon any one day being 86,399 on 
May 25. 

A NEW botanical text-book by Dr. W. A. Setchell is announced by The 
Macmillan Company as in press, bearing the title Ladboratory Practice for 
Beginners in Botany. 


Miss BERTHA STONEMAN, who received the degree of Doctor of Science 
at Cornell University last June, is continuing her investigations on fungi in the 
botanical department of the same institution. 


THE MACMILLAN COMPANY announces that the Bonn text-book of botany 
translated by Dr. H. C. Porter of the University of Pennsylvania, revised and 
edited by A. C. Seward, will be ready in March. 


M. Ep. BONNET has concluded that Phaseolus vulgaris was unknown 
in the Old World before the discovery of America. His discussion appears 
in several recent numbers of the Jour. de Botanigue. 


THE DrReEctTors of the Biltmore Herbarium have sent out a list of about 
500 plants for exchange, mostly collected in western North Carolina, but 
containing quitea number of rare and interesting forms. Correspondence 
is to be addressed to the curator, C. D. Beadle, Biltmore. N. C. 
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THE “Reale Istituto Lombardo di Scienzi e Lettere’’ of Milan has 
awarded a prize of J/ 800 to our associate, Professor Dr. J. B. DeToni, for a 
treatise upon the life and works of Leonardo da Vinci. 


THE EpiTIon of Uredinee Americane Exsiccate, prepared by Mr. M. A. 
Carleton, one fascicle only having been issued, has been exhausted. Owing 
to pressure of other work the author is obliged to permanently discontinue 
the series. 


“THE FERN-COLLECTOR’S HANDBOOK AND HERBARIUM,” by Miss S. F. 
Price, is announced for speedy publication by Messrs. Henry Holt & Co. it 
is intended to be a popular work, and will contain seventy-two large plates, 
most of them life size. 


PROFESSOR D. P. PENHALLOW calls attention to the following correction 
that should be made in his paper on Myelopteris, which was published in the 
BOTANICAL GAZETTE for January last: ‘resin canal” should be changed to 
“gum canal” on page 28 last line, and on page 29 line 16. 


Mr. AuG. SAuUPE, R. A., sculptor, prepared a death mask of the late 
Baron Ferdinand von Miiller. Copies of this may be obtained. Mr. Saupe 
is engaged in modeling a life-size bust and a medallion, copies of which will 
also be for sale. His address is 85 Coppin street, Richmond, Victoria, 
Australia. 


THE BOOK entitled Zhe Botanists of Philadelphia and their Work, whose 
preparation by Dr. John W. Harshberger, of the University of Pennsylvania, 
was announced about a year ago, is now completed and lies in manuscript. 
It will contain when printed about 500 pages of printed matter and fifty full- 
page plates. 

Dr. PAUL TAUBERT, of the Royal Botanical Museum of Berlin, who has 
been engaged in botanical exploration of the Amazon region of northern 
Brazil for a year past, fell a victim to the yellow fever at Manaos on the first 
of January last. He was a special student of the Leguminosae, which group 
he elaborated for Engler and Prantl’s Vatirlichen Pflanzenfamilien. 


A NEW GERMAN WEEKLY, Die Umschau, began publication January 1 of 
this year, under the editorship of Dr. J. H. Bechhold. It has a broad field 
as the chronicler of the progress in science, industry, literature, and art. 
Among the collaborators, Professor Dr. Magnus and privat-docent Dr. A. 
Nestler are announced for the science of botany. The yearly subscription is 
M io. 


WE ARE INFORMED that the extensive herbarium of the late Dr. J. F. 
Joor is offered for sale. The collection is the result of twenty years of the 
most industrious work, principally in Texas, though frequent trips were made 
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along the gulf coast of Mississippi and into the swamp regions of Louisiana. 


Details may be learned by addressing Mrs. Joor, 6063 Laurel street, New 
Orleans. 


THE SILVER MEDAL of the Veitch Memorial Fund of England has been 
presented to Professor L. H. Bailey, ‘in recognition of his efforts, by means 
of his lectures and his writings, to place the cultivation of plants on a scien- 
tific basis, to promote the extension of horticultural education, and by numer- 


ous trials and experiments, to improve and render more productive plants 
grown for economic purposes.”’ 


THE GAMOPETAL of Gray’s Synoftical Flora were issued by the Smith- 
sonian Institution as ‘“‘ Miscellaneous Collection no. 591.”" The stock having 
been exhausted, at the request of Mr. F. V. Coville the institution has issued 
recently 150 additional copies which are now ready for distribution. The 
price has been fixed at $2.50, and those desirous of purchasing the work 


should send this amount by money order or draft to the Smithsonian Institu- 
tion, Washington, D. C. 


THE FIELD COLUMBIAN Museum of Chicago has been so fortunate as to 
procure from the widow of Dr. Arthur Schott his complete personal herbarium, 
containing his collections in Campeche, Tabasco, Upper Mexico, Mexican 
Boundary Survey, Hungary. The nine hundred or more Yucatan plants 
will prove of great value to Dr. Millspaugh, the Curator of Botany, in 
his interesting series of ‘Contributions to the Flora of Yucatan.” We are 
glad to note that the Muesum is alive to the occasions presented to increase 
the utility and status of its Botanical Department. 


AT THE COMING Toronto meeting of the British Association, August 18 
to 25, members of the American Association will be admitted as members. 
Section K (Botany) will hold its sessions under the presidency of Professor 
H. Marshall Ward. It is believed that the meeting will be very largely of 
an international character, and it is hoped that American botanists will con- 
tribute to that result both by their presence and their papers. Detailed 
information may be obtained by addressing Professor E. C. Jeffrey, Univer- 
sity of Toronto, Secretary of Section K. 


Mr. JAMES LLoyp, author of Flore de 7 Ouest de la France, who died 
May 10, 1896, left his fortune and collection to the city of Angers. Aside 
from careful directions as to the care and autonomy of the collections, it was 
directed that a curator be appointed by the mayor of the city, to be selected 
from three candidates proposed by the Botanical Society of France. Pro- 
vision is made for the salary of the curator and for his prosecution of the 
work on the flora of the region in which Mr. Lloyd was interested. The 
Botanical Society is now asking for applicants from which they may select 
three, all applications to be made on or before March 15. Mr. Lloyd 
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expressed his preference that this position be given, not to university men, 
but to some ‘“‘humble botanist, a lover of nature.” 


Mr. LorENZO N. JOHNSON died at Boulder, Colorado, February 27, at 
the age of 34. Ile had been in Colorado for a year, hoping to recover from 
the pulmonary trouble which caused his death. He was an instructor in the 
University of Michigan for three and a half years, being especially interested 
in the fresh water alge, and having published several papers upon Desmidi- 
acee. He collected the fungi of Ann Arbor so assidiously during his con- 
nection with the university as to make their collection of indigenous species 
one of the best in the west. His aptitude for systematic and descriptive 
work must have insured a scientific career of unusual attainment. Aside 
from his connection with the University of Michigan he was engaged for 
several summers at Cold Spring Harbor, where he had charge of the instruc- 
tion in botany. 


AT THE LAST MEETING of the Botanical Seminar of the University of 
Nebraska the following papers were presented: ‘The periodicity of flowering, 
by Mr. Clements; Herbaceous vegetation forms, by Mr. Pound; The karyol- 
ogy of the ascomycetes (a review), by Mr. Shear; Organogeny of the genus 
Prunus, by Mr. Bell. The Seminar has had a semester of unusual enthu- 
siasm and activity. Since the beginning of the college year there have 
been four public meetings in which twelve papers have been read; and 
symposia upon the laboratory method, phytogeography, and systematic 
mycology have been held. For the present semester six meetings have been 
arranged for, at which eleven papers will be presented; and symposia will 
be held upon histogenesis and physiology. Dr. Trelease will deliver the 
annual address, his subject being ‘‘ The description of a species.” 


A SECOND BULLETIN of the New York Botanical Garden gives additional 
information as to plans. The many problems that have presented them- 
selves for solution are discussed. The museum building, with a frontage of 
304 feet, with two equal lateral wings whose total completed length will be 
about 200 feet, will give ample space for collections and laboratories. The 
allotment of the grounds is of interest; buildings, with decorative approaches 
and surroundings, about 25 acres; pines and other coniferous trees (go to 
100 species), 30 acres; deciduous trees (about 275 species), 70 acres; nat- 
ural forest, mostly undisturbed, 65 acres: shrubs and small trees, 15 acres; 


herbaceous grounds for scientific arrangement, 8 acres; bog garden, 5 acres; 


lakes and ponds (exclusive of the Bronx), 6 acres; meadows, Io acres; 
besides various provisions for aquatics, vines, rockeries, etc. 


The bulletin 
also contains Dr. Britton’s address on “ Botanical Gardens.”’ 


The MACMILLAN COMPANY announces that the compilation of an Encyclo- 
pedia of American Horticulture has been begun under the editorial supervision 
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of Professor L. H. Bailey, of the Cornell University. There has never been 
a really good and adequate presentation of American horticulture, and this 
book proposes to make good the want. It is to cover horticulture in its widest 
sense, pomology, floriculture, vegetable gardening, greenhouse matters, 
ornamental gardening, the botany of cultivated plants, and the like. The 
work will consist of signed articles by specialists, profusely illustrated by 
engravings made expressly for it. The articles will be arranged alphabetically, 
and it is expected that the number of entries will be about six thousand, 
comprised in three large volumes dated Igoo. The earnest cooperation of 
every student of horticultural pursuits and every lover of rural life is solicited, 
in order that the work may be worthy of the opening of the twentieth century. 


THE VERMONT Botanical Club was organized two years ago, and now has 
sixty active members. It meets twice yearly, in summer for a field meeting, 
in winter for the reading of papers. The second annual meeting was held in 
Burlington, February 5 and 6, at which twenty papers were read. A _ paper 
of special interest was that by Mr. C. G. Pringle, which was a sketch of his 
botanical explorations in the state, chiefly between 1873 and 1880. The 
paper is published in full in the Burdington Daily Free Press of February 9, 
and is really a valuable autobiographical sketch which many botanists would 
be glad to possess. The results of Mr. Pringle’s early collections among the 
mountains of Vermont are well known, and their lasting evidence is found in 
numerous herbaria. It is a great pleasure, however, to read this more vivid 
account of his most notable discoveries, and to catch the flavor of his rare 
experiences on Willoughby mountain and in Smuggler’s notch, and in the 
other boreal regions whose rare plants he so successfully brought to light. 
This prince of collectors modestly remarks that he “was only the first avail- 
able man”’ for such work, but the recipients of his plants will contend that 
he was specially fitted to it. 

The club is actively prosecuting a botanical survey of the state, and 
intends to publish a revised “Flora of Vermont” within two years. The 
officers for the ensuing year are: Ezra Brainerd, President of Middlebury 
College, President; Cyrus G. Pringle, Charlotte, Vice President; and L. R. 
Jones, University of Vermont, Secretary. 


THE REPORT of the Director of The Missouri Botanical Garden for 1896 
contains much interesting information in reference to present equipment 
and future plans. Many causes have combined to compel the trustees to 


proceed slowly, so that those things which seem necessary to botanists, con- 

sidering opportunities for research alone, could not be provided rapidly. The 

herbarium is estimated to contain about 258,629 specimens, of which 97,800 

belong to the Engelmann herbarium, and 61,246 to the Bernhardi herbarium 
5 5 

The library contains 23,257 books and pamphlets, and 165,969 index cards. 

A very full statement is made of the provision for garden pupils, their course 
J 5 
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of study, and the results. Probably the greatest general interest of the report 
will be found in the full setting forth of the plans for the future. The three 
principal objects to be kept in view are “‘ beauty, instructiveness, and adapt- 
ability to research.” In the development of the ground and plant houses 
the suggested lines are “for florists’ forms, for horticulture, for educational 
purposes, for investigation.” It is proposed that in the smaller plantation, 
devoted to the flora of the United States, the arrangement shall be based 
upon the Genera Plantarum of Bentham and Hooker, as the one most familiar 
to American botanists, and that in the general synopsis of the larger tract the 
sequence of Engler and Prantl shall be used, as better expressing the 
phylogeny of plant groups. The Director proposes that for a few years all 
available income shall be devoted to the development of the North American 
synoptical plantation. Aside from the proposed planting, however, the atten- 
tion of the trustees is called to the further need of facilities for research in 
the way of library, collections, enlarged laboratory space and facilities, and 
endowment. Much has been done already in the way of a strong develop- 
ment of the library and herbarium, as visiting and exchanging botanists have 
occasion to know, but the thought of the Director extends much further, as 
the following sentence will testify: ‘‘I hope to live to see the income of the 
Garden so ample that it shall claim among its regular employees men 
recognized as the equal of any in the country, if not in the world, in horti- 
culture, vegetable physiology, morphology, paleobotany, phanerogams, pteri- 
dophytes, bryophytes, fungi, algze, and lichens.”’ 

In this same connection it should be noted that candidates for the 
Doctor's degree in Washington University may elect research work in 
botany as their major, which puts at their disposal all the resources of the 
Garden, with Dr. Trelease to direct them. Inthe account of opportunities for 
research work in botany in American institutions published in the BOTANICAL 
GAZETTE for February the Missouri Botanic Garden was omitted, as for 
convenience only those institutions were considered which gave the Doctor's 
degree. The arrangement between Washington University and the Garden 
was overlooked, which very properly would have entitled the Garden and its 
equipment to representation. 


A CIRCULAR of information has been received concerning the scientific 
division of the Allgemeine Gartenbau-Ausstellung to be opened in Hamburg 
in May, and to continue until September 1897. Certain features of this 
exhibition should attract the attention of botanists. The exhibits of the 
scientific division are divided into such groups as diseases of cultivated 
plants, animal and vegetabie parasites injurious to agricultural products, 
plants and animals beneficial to agriculture, collections of plants and plant- 
parts made from a morphological or biological standpoint, results of scientific 


experiments upon pollination, etc. The exhibits will possess especial interest 
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for physiologists and pathologists, to stimulate whose best endeavor numerous 
special awards are to be made, in addition to the usual medals of honor. 
For this purpose the government has provided 20,000 francs. In the field of 
botany the following prizes may be noted : 

Desideratum. Series no. 222. Researches leading to the solution of one 
or other of the following questions: (1) To give a method of isolating a 
bacterial toxin in a state of complete purity so as to determine its chemical 
formula, etc. (2) To indicate a practical process for the preparation of anti- 
toxins 272 vitro, by the electric current or any other physical or chemical 
agent applied to bacterial cultures. (3) To present a process permitting the 
extraction from antitoxic serums, the products of secretion, or liquids 
possessing the same properties, the body or bodies to which they owe their 
activity. (4) To investigate whether an antistreptococcic serum obtained 
from a single variety of streptococcus is efficacious against all the varieties 
of streptococcus pathogenic for man, or whether it is active against a certain 
number of these varieties. (5) Does the anti-diphtheritic serum possess, 
besides its antitoxic power (z. ¢., of neutralizing the toxin), a power over the 
leucocytes, in virtue of which it stimulates them to destroy the bacilli of 
diphtheria? Is the measure of one power that of the other also? Prize goo 
francs, to be divided into two. 

Desideratum. Series no. 224. New researches tending to the solution 
of one of the two following questions: (1) A method of preserving for col- 
lections the bacterial cultures on solid media with their characters. (2) A 
process for the preservation of specimens of perishable plants for exhibition 
in museums. The objects must retain their natural aspect and colors, and 
the process must not be costly. Specimens are to be presented in proof. 
Prize 600 francs, to be divided if occasion requires. 

Desideratum. Series no. 225. New researches on the organs of living 
beings by means of an apparatus using the X-rays. Prize 1000 francs. 

Concours. Series no. 240. (B) The construction of a solid clinostat, not 
to exceed in price 500 francs, permitting the rotation on an axis in any direc- 
tion of a potted plant having a maximum weight of six kilos, or of several 
plants whose total maximum weight is the same. (C) Exhibit an apparatus 
(or several) for the demonstration to a number of auditors of the process of 
cell division. Prize 300 francs. 

Desideratum. Series no. 375. (B) To present a good manual of the 
infectious and organic diseases of forest trees, indicating especially the nature 
of the disease and the proper remedies ; and with the manual a collection of 
specimens as complete as possible showing the diseases. Prize 300 francs. 


AT THE MEETING of the Academy of Science of St. Louis on the evening 
of February 1, 1897, Professor L. H. Pammel read a paper embodying eco- 
logical notes on some Colorado plants, observing that botanists who have 
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studied the Rocky mountain flora have frequently commented on the interest 
attached to the plants from an ecological standpoint, but most perplexing to 
the systematist. It is not strange that this should be the case, since there 
are great differences in altitude and soil and the relative humidity of the air 
varies greatly. This is a most prominent factor in the development of plant 
life. A cursory glance at the plains flora of eastern Colorado shows that 
there are representatives of a flora common from Texas to British America, 
and east to Indiana. We should not for a moment suppose that the species 
are identical in structure, since the conditions under which they occur are so 
different. Attention was called to the great abundance of plants dissemina- 
ted by the wind, as Cycloloma, Salsola, Solanum rostratum, Populus, Cer- 
cocarpus, “ fire-weeds” (Epzlobium spicatum and Arnica cordifolia), Hordeum 
iubatum, Elymus Sitanion, etc. Plant migration may be studied to better 
advantage in the irrigated districts of the west than elsewhere, partly 
because the water carries many seeds and fruits in a mechanical way and 
partly because the soil is very favorable for the development of plants. 
Instances were cited where several foreign weeds are becoming abundant, as 
Tragapogon porrifolius and Lactuca Scariola. The latter, known as an intro- 
duced plant for more than a quarter of a century, is common at an altitude 
of 7500 feet in Clear creek cafion. Once having become acclimated, it is 
easy to see how prickly lettuce is widely disseminated. 

Collectors appreciate the great importance of giving more attention to 
conditions under which plants thrive, such as phases of development, soil, 
climate, and altitudinal distribution. Structures of plants are produced to 
meet certain conditions. Under extreme conditions protective devices are 
more pronounced. In discussing some of the plants, Warming’s classification 
into hydrophytes, xerophytes, halophytes, and mesophytes, was adopted. 
The mesophytes of eastern lowa were compared with some of the xerophytes 
of western lowa, such as Yucca angustifolia, Mentzelia ornata, Liatris punc- 
tata, etc. These increase in numbers in western Nebraska, and attain a 
maximum development in northern Colorado. In the foothills and moun- 
tains the mesophytes constitute a large class, although xerophytes are com- 
mon in the dry, open, sunny places. The photosynthetic system is reduced 
to guard against excessive transpiration which would otherwise take place at 
high altitudes. The thick rootstock of alpine plants in dry, open places is 
an admirable protection against drouth and cold. In cafions where snow 
remains on the ground, plants do not need this protection. Halophytes are 
not numerous ih species and genera. Hydrophytes are abundant at higher 
altitudes, where they occur in marshes and along streams. 

At the meeting for February 15, Dr. Trelease exhibited “hair balls”’ 
removed from the stomach of a bull in Mexico, and showed that they were 
composed of the pointed barbed bristles of some species of prickly pear upon 
which the animal had fed. 
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At the meeting for March 1, Mr. William H. Rush presented a 
demonstration of the formation of carbon dioxide and alcohol as a result of 
the intramolecular respiration of seeds and other vegetable structures in an 
atmosphere containing no free oxygen. The theory of the dissolution and 
reconstruction of the living nitrogenous molecules was explained in con- 


nection with the experiments, and the different behavior of these molecules 
when supplied with or deprived of free oxygen, was indicated. 

Mr. H. von Schrenk briefly described certain cedematous enlargements 
which he had observed at the beginning of the present winter near the root 
tips of specimens of Sa/ix nigra growing along the edge of a body of water. 
The speaker compared these with the cedemata of tomato leaves and apple 
twigs, which were studied some years since at Cornell University. 














